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SECTION  1 

SUMMARY. 


The  theoretical  performance  of  certain  binary  liquid  pro¬ 
pellant  systems  under  a  wide  variety  of  expansion  conditions  and  mix¬ 
ture  ratios  has  been  computed  and  results  are  presented  in  graphical 
and  tabular  form.  The  graphs  show  vacuum  specific  impulse  for  area 
ratios  of  8,  20,  and  50,  sea  level  optimum  specific  impulse,  char¬ 
acteristic  velocity,  molecular  weight  and  chamber  temperature  as  a 
function  of  mixture  ratio,  for  both  frozen  and  equilibrium  (shifting) 
expansion  conditions,  at  chamber  pressures  of  300  and  1000  psi.  The 
tabular  data  are  in  the  form  of  computer  output  sheets,  and  give  de¬ 
tailed  performance  and  other  data  for  all  integral  area  ratios  from 
1  to  50;  values  are  also  given  at  two  larger  area  ratios,  the  values 
depending  on  the  system.  Altitude  effects  are  discussed,  and  tech¬ 
niques  described  for  computing  ideal  performance  for  any  of  these  mix¬ 
tures  at  any  altitude;  results  are  given  for  sea  level,  10,000  feet 
and  50,000  feet  and  vacuum  as  a  function  of  area  ratio  for  each  mix¬ 
ture  for  zero  divergence  angle.  The  methods  used  in  carrying  out  the 
computations  are  described  briefly,  with  reference  to  more  detailed 
descriptions.  The  latest  thermodynamic  data  are  used,  and  a  large 
number  of  minor  species  are  considered  for  maximum  precision . 

This  portion  of  the  work  is  reported  in  two  volumes  \wi  and 
III)  of  this  Second  Quarterly  Report.  Volume  II  describes  the\ methods 
used  and  gives  results  for  eleven  propellant  systems  (CiF3-N2H4J  ^-H2, 
H2O2-B5H9,  N2F4-B5H9,  N2H4-B5H9,  N2O4-N2H4,  OF2-B2H5,  OF2-B5H9,  0^-N2H4, 
O2-H2,  and  O2-RP-I);  Volume  III  gives  results  for  certain  classified 
systems.  \ 
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SECTION  2 

INTRODUCTION 


Theoretical  performance  calculations,  even  though  Idealized, 
are  useful  In  making  preliminary  comparisons  of  different  propellant 
systems.  Quite  obviously,  such  comparisons  should  be  made  under  the 
conditions  of  a  specific  application  rather  than  at  some  arbitrary 
standard  condition  such  as  optimum  expansion  at  sea  level.  It  Is  our 
purpose  here  to  provide  the  theoretical  data  needed  for  these  more  de¬ 
tailed  comparisons  for  certain  specified  liquid  propellant  systems  of 
Interest,  using  the  latest  available  thermodynamic  data. 

This  volume  contains  results  for  the  following  systems; 


C1F3-N„H^ 

°^2’®2»6 

Fo-Ho 

OF,-B^H„ 

2  2 

2  5  9 

OF.,  -N.,H, 

2  2  5  9 

2  2  4 

N„F, 

Oo-H- 

2  4  5  9 

2  2 

N.,H,  -B,,H„ 

0,-RP-l 

2  4  5  9 

N2O4-N2H4 

2 
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SECTION  3 

CALCULATION  METHODS 


3.1  COMPUTATION  OF  PERFORMANCE 

a.  Performance  at  Specific  Pressures  -  the  Pressure  Profile 

The  performance  calculation  method  is  based  on  an  extension  of 
the  free  energy  minimization  procedure  originally  suggested  by  White, 

Johnson,  and  Dantzig^  ana  has  been  described  in  a  number  of  publications^*  3>‘^. 
The  standard  assumptions  are  made,  which  include  adiabatic  combustion  of 
the  reactants,  isentropic  expansion,  perfect  gas  behavior,  zero  nozzle 
divergence  angle,  and  zero  linear  velocity  in  the  chamber.  Performance  is 
computed  both  for  frozen  expansion,  in  which  no  change  in  chemical  compos¬ 
ition  is  permitted  for  propellants  leaving  the  chamber--although  liquid- 
solid  transformations  are  permitted,  and  for  the  case  where  complete  chemi¬ 
cal  and  phase  equilibrium  is  required  at  every  point  in  the  system.  Results 
are  generally  reported  here  for  chamber  pressures  of  300  and  1000  psia.  For 
other  pressures,  or  for  predicting  the  variation  in  performance  to  be  expected 
by  changes  in  the  data  used  in  the  calculations,  the  discussions  by  Wilkins 
and  Weiher^  and  by  Gordon  and  Zeleznik^  should  be  consulted. 

The  program  as  used  is  set  up  to  compute  necessary  parameters  at 
10  exponentially  spaced  pressures  (plus  the  throat  and  at  14.696  psia) 
between  the  chamber  pressure  and  an  exhaust  pressure  which  is  set  to  be 
sufficiently  low  that  two  of  the  points  are  at  a  nozzle  area  ratio  greater 
than  the  final  value  desired;  this  permits  interpolation  with  a  four-point 
logarithmic  routine  to  give  values  at  all  integral  area  ratios  between  1  and 
50  as  desired.  Complete  composition,  temperature,  and  performance  data  are 
computed  and  reported  at  each  of  the  profile  points.  The  pressure  profile 
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points  are  spaced  according  to  the  relation 

P 


P  n/N 

(/) 

e 


(1) 


where  P  =  exhaust  stream  static  pressure  at  nth  pressure  profile  point, 
n 


P^  =  chamber  pressure 

P^  =  final  exhaust  pressure 

n  =  profile  number 

N  =  total  number  of  profiles  specified 

Impulse  values  are  calculated  at  each  profile  point  for  both 
optimum  expansion  (assuming  the  surroundings  are  at  the  static  pressure 
of  the  point  in  question)  and  at  vacuum  conditions.  The  equations  used 
are 


where 


^OPT 

^VAC 


29.49534 /h  -  h‘ 


X  T 

+  0.86452 
OPT  I 

OPT 


(2) 

(3) 


^OPT 

H 


T 

e 


optimum  expansion  specific  impulse 
vacuum  specific  impulse 
chamber  enthalpy,  kca 1/100  grams 
exhaust  enthalpy,  kcal/100  gr£uns 
moles  gas/ 100  grams  at  exhaust  plane 
exhaust  temperature,  °K 
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In  order  to  find  the  throat  and  to  compute  the  area  ratio,  the 
mass  flow  rate  is  first  determined  at  each  profile  point,  according  to 


P“  '”  2397.9  /V" 

e  e 


(4) 


where  p  u  is  in  gm/cm^-sec,  and  is  in  psia.  (This  value  is  not  printed 
out  on  the  output  sheet  but  the  necessary  data  are  given  at  each  profile 
point.)  The  throat  is  found  by  locating  the  pressure  in  , the  system  at  which 
p  u  is  a  maxin'iuiii ;  the  nozzle  area  ratio  at  any  point  is  then 


(5) 


wnei'e 


Tiy 


I  )  iiw  rote  in  1 ''.e  thro.at  .  .  ■ 

u)^,  =  flow  rate  at  profile  point  in  question  '  ••  • 
•  racteri.stic  velocity  is  calculated  from 
22b2.n3  „ 


O'-'  = 


(g  u''/ 


('-.) 


who  re 


I"!"'-  -  (■■■■,1 1- I  I  ‘  r  i  .s  t  i  V.  Velocity,  ft/vic 

P_  •-  ciiaobir  p r>-',>- s c r  ■ ,  psi.i. 

Note  that  once  (P  u )  j.  is  known,  pu  at  any  area  ratio  can  be  found 
directly  from  equation  (6),  rather  than  from  equation  (5).  The  thrust 
coefficient  Cp  (dimensionless)  is  simply 

I 

Cp  =  32.174  (7) 


where  Igp  represents  the  specific  impulse,  vacuum,  altitude,  or  Sf  a 
level,  where  the  thrust  coefficient  is  desired. 

Densities  of  the  various  liquids  at  the  feed  temperature  are 
included  in  the  input  description.  The  bulk  density  is  defined  as 
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(^Bulk  “ 

where  X^  and  Xg  represent  the  weight  percentages  of  components  A  and  B. 
This  value  can  be  used  In  burnout  velocity  comparisons  or  in  comparisons 
involving  the  product  of  density  and  specific  impulse. 


The  specific  heat  at  constant  pressure  (C  )  requires  extra 
comment,  as  completely  adequate  means  for  finding  its  value  as  a  function 
of  area  ratio  appear  too  expensive  to  be  merited.  The  approach  has  been  to 
compute  Cp  for  both  shifting  and  frozen  conditions  by  the  formula 


Where  C  is  in  cal/gm^°K,  H  is  in  kcal/100  grams,  and  T  is  set  at  5°, 
the  equation  reduces  to 

^(T+z3T)  *  ”(T  -At) 

The  ^  T  of  5°  was  set  after  trials  with  several  larger  and  smaller  in¬ 
crements;  this  value  appeared  to  give  the  best  general  accuracy.  The 
problem  with  this  approach  is  where  phare  changes  occur  within  the  in¬ 
terval  e  ither  by  appearance  or  disappearance  of  a  condensed  phase  (in 
shifting  expansion)  or  by  freezing,  which  in  our  program  can  occur  either 
with  frozen  or  shifting  expan.sion.  ^^p’  fact,  becomes  infinite  at  a 
freezing  point.)  Further  difficulties  are  then  encountered  if  inter¬ 
polation  is  attempted  using  a  four-point  interpolation  routine,  as  very 
high  values  at  one  profile  point  followed  by  a  reasonable  value  at  the 
next  often  are  interpolated  to  give  negative  values  in  between.  A  variety 
of  techniques  have  been  suggested  to  handle  the  problems,  generally  in¬ 
volving  rather  complicated  rests  or  considerable  machine  time.  The  ap¬ 
proach  which  has  been  taken  is,  however,  the  very  simple  one  of  re¬ 
quiring  that  all  four  points  in  the  interpolation  region  decrease  in 
specific  heat  with  increasing  area  ratio;  if  not, condensation,  freezing, 
or  other  unusual  effects  are  assumed  to  be  involved,  and  no  value  is 
printed  out.  It  is,  of  course,  possible  that  specific  heat  values  arc 
normal  at  each  point  in  the  interval,  but  that  a  freezing  point  is  in¬ 
volved  in  the  middle  of  one  of  the  intervals.  Errors  of  this  nature  will 
not  be  rejected  by  the  test  procedure. 
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No  ^  values  have  been  reported due  to  the  somewhat  am¬ 
biguous  nature  of  this  term,  especially  in  the  case  of  equilibrium  ex¬ 
pansion.  The  tabulated  data  can,  however,  be  used  to  give  a  value 
based  on  the  particular' definition  assigned.  If  ^  is  defined  as 
follows 


(10) 


a  value  can  be  derived  from  a  plot  of  InP  vs.  In  p  either  over  an  in¬ 
terval,  or  by  slope  measurement,  at  a  point.  The  value  of  ^  in  gm/cm'^ 
can  be  obtained  at  any  point  from 


f  = 


2.3066  P, 


C*  ^  I 


(11) 


OPT 


where  the  symbols  have  their  previous  meanings.  Alternatively  for 
frozen  expansion,  ^can  be  obtained  from  the  Cp  value  and  the  molecular 
weight 

c  .  R  •  :  (12) 

pfr  M 

where  R  is  the  universal  gas  constant  1.986  cal/mole-°K,  and  M  is 
where  K  is  the  number  of  moles  of  gas  per  100  grams. 

It  should  be  noted  that  in  equilibrium  expansion  a  value  of 
relating  pressure  and  density  over  an  interval  (which  for  a  diff¬ 
erential  interval  is  defined  by  equation  10),  will  be  different  numer¬ 
ically  from  ^  relating  pressure  and  temperature,  according  to 


y 


(13) 


as  for  these  two  values  of  0  to  be  equal  (equations  10  and  13) ,  the 
molecular  weight  must  be  constant* 


b .  Performance  at  Specified  Area  Ratios  and  Altitudes 

The  data  computed  at  each  profile  point  are  used  to  compute 
data  at  the  j.  itegral  area  ratios  desired  by  four-point  logarithmic 
interpolation.  The  resulting  data  are  given  for  both  frozen  and 
shifting  expansion. 


*A  number  of  mean '5"  values  uan  also  be  computed,  based  on  the  cal¬ 
culated  specific  impulse  or  other  performance  parameters. 
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On  the  interpolation  output  sheets,  the  difference  between 
lyAc  ^OPT  termed  DELVAC,  representing  the  increment  between  the 
vacuum  and  optimum  expansion  value;  it,  along  with  DELVAC  divided  by 
the  exhaust  pressure  (DELVAC/P) ,  is  used  in  computing  impulse  at  spec¬ 
ified  altitude  as  follows 

■alt  ■  'opt  +  ‘  ■  F  )  <■■'“> 

e 


ALT 


DELVAC  o 
VAC  ^  P  ^ 


(14b) 


where  /N  represents  the  divi  r>;L-ui.e  angle  correction  and  where  P^^  repre¬ 
sents  the  ambient  pressure,  in  psia.  This  equation  is  normally  used  in 
cases  where  P°  is  less  than  ot  equal  to  P;  where  P*^  exceeds  P  (over 
expansion)  a  decrease  in  performance  below  the  optimum  expansion  value 
is  indicated,  but  the  magnitude  of  this  decrease  can  be  greatly  over¬ 
estimated  by  this  equation,  especially  at  high  area  ratios,  inasmuch  as 
such  nozzles  do  not  always  in  fact,  run  "full".  The  overexpanded  case 
has  thus  been  excluded  from  consideration  here. 

Th('  value  of  ^  depend.s  on  the  particular  nozzle;  for  an 
ideal  nozzle  with  zero  divergence  ancle,  it  is  equal  to  unity  so  that 
the  final  term  in  equation  i i  tiO  drops  out.  The  assumption  of  zero 
divergence  wa.s  us.-d  here  to  c.i'eulate  performance  at  sea  level,  10,000 
and  50,000  feet,  as  well  as  at  vacuum  for  each  case.  Altitude  effects 
are  amplified  in  Section  3.i  belo./. 


3.2  THERMODYNAMIC  DATA* 

Thermodynamic  data  employed  in  these  calculations  are  the 
latest  values  reported  in  the  JAKAF  tables.  One  species,  C2H,  has  been 
added,  based  on  the  work  nf  Hi  i  denlirand ;  this  species  is  not  important 
in  these  runs.  The  data  as  used  be ’in  at  298°K  so  that  the  very  few 
points  reported  on  the  computer  output  sheets  at  extreme  expansion 
ratios  which  are  calculated  to  have  temperatures  lower  than  298°K  must 
be  considered  suspect.  In  general,  a  large  number  of  normally  relatively 
unimportant  species  have  been  included  in  these  computations  in  order  to 
obtain  the  maximum  precision  at  all  stoichiometries.  The  summary  sheets 
show  compositions  (moles/100  g.rams)  to  four  decimal  places.  The  computer 
program,  however,  does  not  reiect  a  species  as  being  zero  until  its  mole 
number  is  less  than  10”^. 


*Propellant  heats  of  formation  arc  discussed  in  Vol .  Ill  of  this  report. 
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The  heat  of  formation  used  for  BOF(g)  was  -143.00  kcal/mole. 
This  value  is  in  close  agreement  with  the  value  of  -144.00  recently 
reported  by  Hildenbrand®.  Note  that  the  heat  of  formation  value  used 
for  each  species  is  given  in  the  printout;  this  usually  is  the  most 
important  single  thermodynamic  datum,  and  yet  is  often  the  most  un¬ 
reliable.  Values  used  for  propellant  heats  of  formation  are  also 
shown  on  the  printout.  The  printing  out  of  these  values  will  aid  in 
interpretation  of  these  results  in  the  future,  should  new  heat  of 
formation  data  become  available. 


3.3  ALTITUDE  EFFECTS 

The  conventional  comparison  of  propellants  on  an  impulse  basis 
at  sea  level  optimum  expansion  is  convenient,  but,  as  noted  earlier,  not 
necessarily  definitive.  A  somewhat  better  approach  might  involve  a 
"trajectory-averaged  impulse"  at  a  given  area  ratio,  but  the  computation 
of  such  a  value  would  be  expensive  to  obtain  and  limited  in  significance 
to  a  particular  mission.  An  easier  approach,  which  we  have  selected,  is 
to  compute  performance  at  specified  area  ratios  at  three  arbitrary  alti¬ 
tudes  and  vacuum,  which  correspond  roughly  to  the  conditions  encountered 
by  a  first-stage  booster  where  0,  25,  50,  and  100  percent  of  the  fuel 
is  burned. 

In  order  to  select  the  altitudes  for  specific  impulse  calcula¬ 
tions,  an  equation  was  derived  for  the  altitude  of  a  first-stage  booster 
as  a  function  of  fraction  of  fuel  consumed,  assuming  no  drag,  neglecting 
impulse  variations  with  altitude,  and  assuming  a  straight  line  trajectory 
and  a  flat  earth.  The  equation  is  as  iollows: 


where  h  =  altitude,  feet 

specific  impulse ,  sec 

conversion  constant,  32.174  lb .mass -ft/lb . force-sec 

firing  angle  from  vertical 

T  =  initial  thrust/gross  weight  ratio 

t,  =  total  burning  time,  sec 
bo 

P  =  percentage  fuel  consumed 
F 

g  =  local  acceleration  of  gravity,  assumed  constant  at 
32. 174  ft/sec 
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This  equation  gives  Che  .following  results  for  a  case  where  t],^  =  150  sec, 
T  =  1.5,  Igp  =  300  sec,  (n>bo/^Initial  “  0.25),  for  vertical  and  30°  off-, 
vertical  firings: 


9  =  0° _  0  =  30° 


"f 

"ft 

"/"bo 

"ft 

"/"bo 

0.25 

1.4  X 

10^ 

.03 

0.25 

9.1  X 

10^ 

.03 

0.50 

6.7  X 

10^ 

.16 

0.50 

4.6  X 

lo"^ 

.15 

0.75 

2.0  X 

10^ 

.51 

0.75 

1.5  X 

10^ 

.48 

1.0 

4.1  X 

10^ 

1.00 

1.0 

3.1  X 

10^ 

1.00 

Note  that  25  percent  of  the  fuel  is  burned  in  achieving 
3  percent  of  burnout  altitude,  and  50  percent  of  the  fuel  is  consumed  in 
reaching  15-16  percent  of  burnout  altitude.  Note  also,  that  about  25  per* 
cent  of  the  fuel  is  burned  by  the  time  10,000  feet  is  reached,  and  about 
50  percent  by  the  time  50,000  feet  is  reached. 

In  order  to  check  the  validity  of  these  results,  an  accurate 
computation,  obtained  by  numerical  integration  on  a  computer  for  a  typical 
first -stage  trajectory,  and  including  all  the  factors  neglected  in  the 
simplified  analysis  Was  obtained  for  comparison,  with  results  plotted  in. 
Figure  1.  In  this  real  case,  25  percent  of  the  fuel  is  consumed  at  the 
10,000  ft.  mark  and  52  percent  at  the  50,000  ft.  mark. 

Based  on  these  considerations,  computations  of  theoretical  im¬ 
pulse  were  made  at  the  10,000  and  50,000  foot  levels,  as  well  as  at  sea 
level  and  at  vacuum  conditions.  Pressures  at  these  levels  were  taken  by 
Interpolation  of  the  data  provided  by  COSPAR^,  as  being  10. 2695  psia  at 
10,000  feet  and  1.705g  psia  at  50,000  feet.  A  plot  of  the  pressure  as  a 
function  of  altitude  to  105,000  feet,  using  COSPAR  data  is  shown  in 
Figure  2. 
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FIGURE  1. 


PERCENTAGE  FUEL  CONSUMED  VS  ALTITUDE  REACHED 
TYPICAL  FIRST  STAGE  TRAJECTORY 
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SECTION  4 

RESULTS  AND  DISCUSSION 


Results  are  presented  in  the  form  of  summary  graphs 
(Figures  3-13),  which  are  included  in  this  Section,  and  computer 
output  sheets,  which  are  given  in  Section  5.  In  addition,  a  tabu¬ 
lation  of  maximum  impulse  values  and  other  data  for  the  various 
systems  at  various  conditions  is  given  as  Table  I  immediately  fol¬ 
lowing.  The  systems  can  thus  be  studied  in  increasing  detail  by  con¬ 
sidering  first  Table  I,  then  the  appropriate  graphs, and  finally  the 
computer  output  sheets.  Altitude  performance  data  must  be  obtained 
from  the  computer  output  sheets  thermselves.  The  systems  studied  are 
arbitrarily  arranged  alphabetically  by  oxidizer.  N2H^  is  arbitrarily 
considered  the  oxidizer  in  the  N2H^-B5Hg  system. 

Our  primary  purpose  here  is  to  present  the  data  for  the 
various  systems,  and  not  to  attempt  comparisons,  as  such  comparisons 
are  valid  only  for  specific  applications.  However,  a  few  comments 
appear  to  be  worth  mentioning,  as  follows: 

(1)  Some  deviation  is  to  be  expected  from  previously  pub¬ 
lished  results  due  to  use  of  up-to-date  thermodynamic  data.  This  is 
evident  for  example,  in  the  H2O2-B5H9  system,  in  that  results  herein 
differ  in  some  regions  by  three  or  four  seconds  from  results  published 
previously  by  this  laboratory^®.  (Maximum  sea  level  optimum  shifting 
impulse  appears  to  be  a  few  seconds  lower  using  the  more  modern  data; 
in  certain  non-optimum  composition  regions  the  old  values  were  in  some 
cases  higher.) 

(2)  As  would  be  expected,  the  hotter  systems  show  greater 
losses  in  impulse  if  freezing  of  chemical  reactions  takes  place  than 
do  cooler  systems.  Thus,  the  C1F2-N2H^  system  shows  nearly  identical 
impulse  values  to  the  N20^-N2H^  system  with  equilibrium  expansion,  but 
with  frozen  expansion  the  latter  system  is  superior  on  an  impulse  basis. 
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Similarly,  the  F2-H2  system  loses  most  of  its  apparent  advantage  over 
the  O2-H2  system,  if  freezing  takes  place  and  performance  at  high  ex¬ 
pansion  ratios  is  considered.  Freezing  of  reactions  leads  to  severe 
performance  loss'  in  the  OF2-B5Hg  and  N2F^-B5Hg  systems. 

(3)  Certain  systems  are  not  very  sensitive  to  mixture  ratio 
in  terms  of  specific  impulse.  This  is  especially  true  of  C1F3-N2H^ 
with  frozen  expansion.  (See  Figure  3b) 

(4)  Freezing  can  have  a  considerable  effect  on  the  optimum 

mixture  ratio.  Note  that  in  the  N20^-N2H^  system,  at  £  =  50  in  a 

vacuum,  the  peak  shifts  from  90  percent  to  83  percent  N20^,  for  a  change 
in  oxidizer  fuel  ratio  of  10  to  l,to  6/1. 

(5)  The  density  data  given  on  the  computer  output  sheets  permit 
study  of  density  effects.  Note,  for  example,  that  the  greater  density  at 
peak  of  the  C1F3-N2H^  system  relative  to  the  N20^-N2H^  system  would  offer 
considerable  advantage. 

(6)  Oxidizer/fuel  ratios  at  peak  performance  generally,  but 
not  always,  shift  slightly  toward  higher  values  at  higher  values  of  area 
ratio,  for  both  frozen  and  equilibrium  expansion.  In  general  this  is 
also  true  as  chamber  pressure  is  increased.  (See  summary  plots.) 
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(3)  Approximate  value  i  *  region  of  peak  performance. 


soNoaas  isi  anoDas/iaaj 


FIGURE  3a.  CIF3-N2H4  SYSTEM  -  FROZEN  EXPANSION 
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FIGURE  5a.  H2O2  -  B3H9  SYSTEM  -  FROZEN  EXPANSION 
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FIGURE  6a.  NoFa  -  BcHo  SYSTEM  -  FROZEN  EXPANSION 
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FIGURE  6b.  N2F4  -  B5HQ  SYSTEM  -  SHIFTING  EXPANSION 
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FIGURE  7a.'  N2H4  -  B5H9  SYSTEM  -  FROZEN  EXPANSION 
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SECTION  5 

DETAILED  DATA  PRESENTATION 


PRESENTATION  AND  NOMENCLATURE  FOR  MACHINE 

In  the  following,  computer  output  sheets  are  presented, 
arranged  in  order  of  increasing  oxidizer /fuel  ratio,  with  results 
given  first  at  1000  psia  chamber  pressure  and  then  at  300  psia.  Two 
computer  output  sheets  are  given  for  each  chamber  pressure  and  mix¬ 
ture  ratio.  The  first  computer  sheet  gives  as  a  heading  the  mixture 
data,  chamber  pressure,  heats  of  formation  of  propellants,  the  assumed 
temperature  (the  reference  temperature)  at  which  each  ingredient  is  fed, 
the  bulk  density  and  the  mixture  ratio.  Following  this  are  the  pressure 
profile  data  and  compositions  at  each  profile  point.  The  second  page 
gives  performance  data  at  interpolated  whole  number  values  of  area 
ratio  for  both  frozen  and  shifting  expansion,  from  1  through  50,  and 
at  sea  level  optimum  expansion.  All  results  assume  zero  divergence 
angle . 


Nomenclature  used  is  as  follows: 


TREF,  DEG  K 


=  propellant  feed  temperature,  °K. 


CHAMBER  ENTROPY 


=  EU/lOO  grams 
=  cal/100  grams  -°K. 


ENTHALPY  (-)  =  the  negative  of  the  enthalpy, 

kcal/100  gms  of  combustion  products 


CP 


=  specific  heat  at  constant  pressure, 
cal/gm-°K. 


X  BAR 


=  moles  of  gas  per  100  grams  of  com¬ 
bustion  products. 
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N 

Pc/P 

I  OPT 

DELVAC 

DELVAC/P 

I  SEA  LVL 

I  AT  lOOOO 

I  AT  50000 


=  total  moles  per  100  grams  of 
propellant  including  the  moles 
of  condensed  phase. 

=  chamber  pressure  divided  by 
exhaust  pressure. 

=  specific  impulse  assuming  the 

ambient  pressure  equals  the  exhaust 
pressure  (optimum  expansion) 

=  increment  in  specific  impulse  be¬ 
tween  I  OPT  and  specific  impulse 
under  vacuum  conditions. 

=  DELVAC  divided  by  exhaust  static 
pressure . 

=  specific  impulse  at  the  specified 
area  ratio  assuming  a  14.696  psia 
ambient . 

=  specific  impulse  at  the  specified 
area  ratio  assuming  a  10. 26^^  psia 
ambient . 

=  the  same,  assuming  a  l.lOqg  psia 
ambient . 


I  VAC 

CF  SEA  LVL 


=  the  same,  assuming  a  vacuum  ambient. 

=  thrust  coefficient  at  the  specified 
area  ratio  at  sea  level. 


CF  VAC 


=  thrust  coefficient  at  the  specified 
area  ratio  under  vacuum  conditions. 


Blanks  are  shown  in  Cp  values  where  interpolation  is  thought  to 
be  hazardous.  In  these  cases  heat  capacity  as  a  function  of  area  ratio 
or  exhaust  pressure  can  be  estimated  by  examining  the  original  pressure 
profile  data  (the  first  page  of  the  output) .  The  reasons  for  this  were 
discussed  in  Section  3. 


-39- 


dSrdJj^i^t(yf&mi/uvrv^ 

AERONUTRONIC  DIVISION 


REFERENCES 


1.  White,  W.  B.,  Johnson,  S.  M.  and  Dantzig,  G.  B.,  Chem.  Phys., 

p.  751-755  (1958). 

2.  Kubert,  B.  R.  and  Stephanou,  S.  E. ,  in  "Kinetics,  Equilibria 
and  Performance  of  High  Temperature  Systems,"  p.  166,  Butior- 
worths,  1960. 

3.  Oliver,  R.  C. ,  Kubert,  B.  R.  and  Hildenbrand,  D.  L,,  Final  Re¬ 
port,  Study  of  Metal  Additives  for  Solid  Propellants.  Vol .  I  of 
II,  Procedures,  Contract  NOrd  17980,  30  September  1961.  Aero- 
nutronic  Publication  No.  C-1398. 

4.  Oliver,  R.  C. , Stephanou,  S.  E.  and  Baier,  R.  W.,  Chem.  Eng., 
p.  121,  February  19,  1962. 

5.  Wilkins,  R.  L.  and  Weiher,  J.  D.,  "Propellant  Performance  Manual," 
Rocketdyne  R-669 ,  February  1,  1959. 

6.  Gordon,  S.  and  Zeleznik,  F.  J.,  ARS  Journal,  32,  p.  1195-1202, 

August  1962. 

7.  Hildenbrand,  D.  L.,  Study  of  Metal  Additives  for  Solid  Propellants, 
12th  Quarterly  Progress  Report,  Contract  NOrd  17980,  Aeronutronic 
Publication  C-1010,  October  15,  1960  (CONFIDENTIAL). 

8.  Hildenbrand,  D.  L.,  An  Experimental  Program  for  Obtaining  Thermo¬ 
dynamic  Properties  of  Propellant  Combustion  Products.  Contract 
NOw  61-0905-C,  Task  1C,  15  March  1962,  Aeronutronic  Publication 
U-1606. 

9.  COSPAR  International  Reference  Atmosphere,  1961,  Interscience 
Publishers,  Inc.,  New  York. 

10.  Stephanou,  S.  E.,  Oliver,  R.  C.  and  Larson,  L.,  Theoretical 

Performance  of  Pentaborane -Hydrazine  and  Pentaborane -Hydrogen 
Peroxide  Propellants.  Aeronutronic  Publication  C-968,  15  August  1960 
(CONFIDENTIAL) . 


-40- 


AERONUTRONIC  DIVISION 


GIF-  -  N.H,  SYSTEM 
3  2  4 


PHESSLRE,  PSIA 
FEHP,  CEG  K 
E^^hALP>  (-) 

CP 

IPPLL  OPT 
I^'PLL  VAC 
EHSILCN 


PRESSLKE*  PSIA 
TCHP,  CEC  K 
ENFhALPY  {-) 

X  EAK 
h 

CP 

IPPUL  CPT 
IPPLL  VAC 
EPSILCN 


2H.92  CL 

-  I  3.5C  CL«F 
-38. b?  CL«F3 
-2  1.97  CL«H 

.OC  CL2 
18.86  F 
-6U.5C  F*l- 
58. 6C  F«N 
.OC  F2 
52. 1C  h 
79. 2C 
.CC  h2 
*40. 3C  H2»8 

-  11. 0*4  h3«N 
113. OC  h 

.OC 

-75. 3e  CL«P*4«8/C 


PRESSURE  PKOEIlE  CAfA 


SYSTEM  LKUIO  BIPROPELLANT 
COMPONENT 


PC  ICCC.  PSIA 


TREE  FORMULA 

DENSITY 

HEAT  FORM 

ur 

CEC  K 

GM/CC 

IKCAL/FOPM.WT. 

) 

296  CL*F3 

l.Hb;. 

-*4*4.35 

55 

298  N2*H*i 

I.CC*4 

12. C5 

*45 

BULK  DENSITY  « 

Gh/CC 

MIXTLRE  RATIO 


1.222  LB  OXIOIZEK  /  LB  OF  FUEL 


PRESSURE  PROFILE  CATa 


ChAMBER  ENTRCPV  279.73  EU/ICOGMS 


ICOO 

398.  1 

158.5 

63.  to 

FROZEN 
25.  1? 

EXPANS 
14. 7C 

ICN 

1C. GO 

3.981 

l.56> 

.631 

.251 

,  ICO 

546.8 

2979.7 

24  1C. 2 

1936.9 

1544.3 

1219.8 

I05H. 7 

954.5 

740.9 

571.9 

440.0 

338.5 

25R.3 

2594. 3 

9.46 

36.  19 

57.  74 

74.99 

8H. 69 

95.27 

99.46 

107.85 

) 14.35 

) 19. 36 

123.  19 

126.21 

27.63 

.  4  753 

.4626 

.  44  75 

.4309 

•  4132 

.4045 

.  3986 

.  3878 

.5813 

.3  786 

.  3  767 

.  3752 

.467  1 

152.48 

2C4.93 

230.76 

262.55 

273.22 

279.80 

292.56 

302. C7 

3C9.20 

314.55 

3 18,69 

125.71 

226.75 

249. 34 

269.  15 

2H4.36 

291.43 

295.83 

504.46 

3)0.97 

315,89 

319.60 

322.49 

222.68 

1.051 

1.5/9 

2.715 

4.898 

6.9H3 

9.034 

16.846 

51.632 

59.7  19 

113.441 

214.652 

l.OCO 

SHIFTINU  EXPANSION 


ICOO 

398.  1 

158.5 

63.  1C 

25.  12 

14. 70 

IC.OC 

3.98  1 

1.585 

.63  1 

.251 

.  ICO 

553.3 

2979.7 

2464.9 

W98.7 

1599.  1 

1266.4 

1  100. 7 

993.4 

772.8 

598.0 

464.6 

425.8 

407.2 

2644.5 

9.46 

36.44 

58.47 

76.20 

90.  32 

97.  12 

101.44 

1  10.13 

1 16.87 

122,09 

126.34 

1 30.28 

27.40 

5.435 

5.4  10 

5.403 

5.402 

5.4C? 

5.4C2 

S.4t)2 

5.4C? 

5.4C0 

5.387 

5.278 

5.040 

5.4)6 

5.435 

5.4  1C 

5.405 

5.402 

5.4C2 

5.4C2 

5.4C2 

5.402 

5.4C0 

5.  387 

5.2BC 

5.162 

5.416 

.  5E85 

.5C16 

.4559 

.4333 

.4151 

.4061 

.4000 

.3889 

.3857 

.4272 

18.0967 

20.4274 

.5276 

153.20 

206.49 

240.95 

265.22 

276.  14 

282.87 

295,94 

305.68 

313.02 

318.87 

324. 19 

124.92 

22B.45 

25  1.70 

271.95 

287.52 

294.76 

299.27 

308.  1  3 

314,82 

319,93 

324.91 

.329.68 

224.04 

1.C55 

1.592 

2.742 

4.95$ 

7.07  1 

9.  155 

1 7,099 

32.167 

61.  149 

134.  133 

305.953 

1. 000 

COMPOSITION  SHIFTING  (MCL/100  GM I 


,C134 

.C033 

.0004 

.0000 

.ooco 

.0000 

.OCOO 

.0000 

.COOO 

.OOCO 

.OCOC 

.0000 

.0058 

.CCOO 

.CCOO 

.OCOO 

.0000 

.oocc 

.0000 

•  ooco 

.COCO 

.0000 

.OCOC 

.0000 

.0000 

.0000 

.CCOO 

.OCOC 

.OCOO 

.CCOO 

.OOCO 

.ooco 

.OOCO 

.COCO 

.COCO 

.0000 

.OOCO 

.0000 

.0000 

.5814 

.  59  16 

.5945 

.5948 

.5949 

.5949 

.5949 

.5949 

.5949 

.5949 

.5430 

.481  1 

.589  1 

.CCOO 

.OCOO 

.OCOO 

.CCOO 

.OOCO 

.0000 

.OCOO 

.OOCO 

.OOCO 

.0000 

.0000 

.0000 

.0000 

.C004 

.OCCC 

.0000 

.0000 

.0000 

.0000 

.0000 

.OOCO 

,0000 

.0000 

.0000 

.0000 

.000  1 

.  784? 

1  .  7fe46 

1  .  7846 

1.78U6 

1.7846 

1.7846 

1.7846 

1 .7b46 

1 .  7846 

1.7846 

1 . 7846 

1.7846 

1.7845 

.CCOO 

•  COCO 

.  0000 

,0000 

.OOCO 

.0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.CCOO 

•  CCOO 

.0000 

.COOO 

.OOCO 

.0000 

.0000 

.0000 

.0000 

.0000 

.OOCO 

.0000 

.0000 

.C527 

.0122 

•  0014 

.0001 

.0000 

.0000 

.ccoc 

.OOCC 

.0000 

.0000 

.0000 

.0000 

.0220 

.CCOO 

.OCCC 

.OCOO 

.OCOO 

.OOCO 

.0000 

.OOCC 

.0000 

.OOCO 

.0000 

.OOCO 

.  0000 

.0000 

.5988 

1.6139 

1.6179 

1.6184 

1.6184 

1.6183 

1.6183 

1.6178 

1.6154 

1.5954 

1.5130 

1.4283 

1.6103 

.CCOO 

.  OCCC 

.OCOO 

.0000 

.OOCO 

.0000 

.0000 

.OOCO 

.OOCO 

.0000 

•  OOCO 

.0000 

.0000 

.0C02 

.COC  1 

.0001 

.0001 

.OOC  1 

•  0001 

.0002 

.0005 

.002  1 

.0154 

.0  185 

.0130 

•  000  1 

.CCOO 

.OCCC 

.OCCO 

.OCOO 

.ooco 

.OCOO 

.cccc 

•  OOCO 

.OOCO 

.OOCO 

.0000 

.OOCO 

.0000 

.4C40 

1.4041 

1.4041 

1.4041 

1.404  1 

1.4041 

1.4041 

1.4039 

1.4031 

1 . 3964 

1. 3690 

1.3407 

1.404  1 

.CCOO 

.OCCC 

.OCOO 

.0000 

.OCCO 

.0000 

.0000 

•  0000 

.0000 

•  0000 

.0519 

.1136 

.0000 

-42- 


SYSTEM  lUtiin  ftlPiiaPELLAM 

COMPONENT  IREF  FORMOL* 
LEG  K 

796  CL«F5 
296  N2«H9 


PC  lOCC.  PSU 

GENSir*'  HEAT  FORM 
CM/CC  (KCAL/FORM.Wt. 


296  N2«H9  i.0C*>  12.05 

FR02EN  EXPANSION 
C  STAR  ■  5706.8  FI/SEC 

TEMP  EMMALPY  CP  CAL/  I  OPT  DELVAC  CELVAC  I  SEA  i  Af 


DEG  K  RCAL/IOOCM  GP  OEG 


.17/  2?0. T  220.9 

.T75  255.6  255.5 

.530  269.2  266.6 

.725  26V. I  272.5 
.«»«  2/1. B  2/5./ 


.5rt9  29/. A  10.5  9.  16) 

.5H9  29I-.5  1C.!  9.595 

.5b5  296.9  V.9  9.525 

.i«5  299.9  9./  9.?C  I 

.5n5  299.9  9.4  9.R75 

.582  50C.5  9.9  5.091 

.582  5CC.9  9.5  5.205 

.562  501.9  9.)  5.  563 

.5«1  501.8  9.0  5.5)/ 

.5»)  502.2  M.»  5.6H5 

.5«)  502.6  e.l  5. P/9 

.5Hl  501.0  H.6  6.C65 

.58)  505.9  8.5  6.25/ 

.50)  505./  0.9  6.999 

.500  309.0  0.5  6.690 

.  500  509.9  B.2  6.651 

.500  509.7  8.1  ;.C2/ 

.560  505.0  0.C  /.2)2 

.500  505.2  /.9  /.9C) 

.500  505.5  /."  /.50M 

.580  505.8  7./  7.775 

.5«C  5C6.C  7.7  7.960 

.  500  506.5  7.6  t.  )9  5 

.5/9  506. S  7.5  •-.525 

.579  506.0  7.9  P.5C9 

.579  507. C  7.9  8.6H2 

.  5/9  50/..'  7.5  8.H5/ 

.5/9  5C7.9  7.2  9.C5I 

.909  275.2  )rt.2  ).23V  2/5.2  2/0./ 


1.796 

1.790 

1.750 

1.752 

1.755 
I./55 

1.756 
).75fl 
1 .  759 
1 . 760 
)./6l 
1.763 
).  769 

1.765 

1.766 

1.767 
)./68 

1 . 769 

1.770 

1.771 
1.7/2 
1.7/5 
1.7/5 

1.69S  1.692 


S»*l»tI89  ExPAKSKS 
c  SfAt.  •  5/65.1*  ft/SEL 
Cm  lAu/  I  OPT  TEIVAI.  (ELVAC 
>  CM  OfC  /E* 


/Ir.’)  2**6.2 

260.5  2M9.7 

2P1./  292.9 

262.5  2V9.5 


R63.2  -106.60 

837.8  -107.60 

819.8  -106. 5C 

793."  -109.52 
779.6  -110.06 

756.8  -1)0.75 

/9C.9  -1)1.59 

725.  I  -IH.98 
/IC.9  -1)2.53 


5/7.0  -117.65 

57t.2  -M/.91 

565.6  -1)6.15 

557.9  -1)8, 3t 

551.9  -116.61 

595.6  -118.83 

59C.0  -1)9.09 

539.7  -119.29 


11.6  5.951 

11.5  5.625 

I  I.  I  5.8)0 
10.0  9.CC9 

10.6  9.19V 

10.9  9.306 

10,2  9.5*9 


V.7  5.096 

9.6  5.763 

9.9  5.926 

9.3  5.569 

V.2  5.737 
9.0  5.922 

8.9  *.)I9 
B.H  6.306 

8.7  6.999 

8.6  6.691 

8.5  6.869 

8.9  7.076 

8.3  7.266 

8.2  7.960 
8.1  7.650 

8.0  7.859 

7.9  8.028 

7.8  e.2l5 
7.0  e.90c 

7.7  H.S89 

7.6  6.766 

7.5  6,996 

7.5  9.129 

18.6  1.267 


299. C 
500.  7 
502.2 

303.9 

309.6 

305.6 

306.5 
3C7.3 
308.  1 
3ce.p 

309.9 
51C.0 
31C.5 
$1  I.C 

311. 5 
312. C 

512.9 
512. P 
3(3.2 

313.5 

313.9 
3)9.2 

519.5 
319.8 
315.0 
3  15.3 
5)5.6 
3)5.8 
316.  1 

316.  3 

316.5 
5)6.  7 
5)6.9 
317.1 

317.  3 

317.5 

317.7 
3)7.8 
3)8.0 
3)8.2 
3  18.  3 

318.5 

299.8  1.591 


-43- 


PfttSSUKE  PKCFlLE  LATA 

SYSTEM  LIUUIC  bIPftOPELLANI  PC  1OC0  PSIA 


COPPPNEM 

IKEF 

FOkPULA 

DENSITY 

HEAT  FORM 

wr 

LEG 

K 

OP/CC 

UCAL/FORP.WT. 

) 

^9« 

CL»f 

1 .»» 

3b 

6b 

29H 

N?«h4 

1  .ecu 

12,0b 

35 

bULK  LtNSliy  =  1.4A0GK/CC 

PUTLKE  RATIC  =  Lb  CXICI/EK  /  LB  PF  FUEL 


PRESSUkE  PkCFILC  CATA 
CHAMhEk  Ef^TkOPY  EU/lCCokS 


PRESSLKt,  PSIA 

CHAPOER 

ICCO  39H. 1 

15h.5 

63.  10 

FROZEN 
25.  12 

EXPANSICN 

14.70  IC.OU 

3.V81 

1.585 

.631 

.251 

.  100 

THROAT 

543.9 

TEPP,  l^fcG  K 

i5C2.4 

2F34,  3 

2281,4 

M23.V 

1446.2 

1258.  1 

1 1 36. C 

884.2 

683.  1 

525.2 

405.0 

309.0 

5046. 7 

EMFALPY  (-) 

IP.Q? 

45.  71 

6M.C6 

M6.00 

IOC. 29 

107.  IH 

111.57 

120.39 

127.23 

1  52.50 

136.54 

1 39.64 

36.98 

CP 

.4  190 

.4C95 

.  39W3 

.5852 

.37C5 

.3619 

.  3563 

.3442 

.  336  3 

,33  19 

.  3301 

.  5?89 

.4  128 

ippll  cpt 

155.20 

2CH.6S 

24  3.  W 

267.53 

278.5  1 

285.27 

298.42 

308.23 

31b. 58 

321.11 

325.28 

128. 4,i 

IPPLL  VAC 

230. Mb 

253,94 

274.26 

289. v2 

297.22 

301 .77 

310.69 

317.41 

522.4  7 

326.30 

329.21 

226.6  ? 

EPSILCN 

1 .052 

1 .5H2 

2.725 

4.934 

7.04  7 

9.  129 

1 7.06? 

32. 05H 

6C.47? 

114.543 

2  1  7. 774 

1.000 

PRCSSLkE.  PSIA 

ICOO 

59b.  1 

1  5M.5 

63.  10 

Shlf TING  EXPANSION 
25.17  14.70  IC.uC 

3.98  1 

1.585 

.631 

.251 

.  100 

S58.3 

TEPP,  CEG  K 

2bC2,4 

2992.6 

2501.5 

2039.6 

1634. 7 

1429.8 

1295.9 

10  1  7.5 

791.9 

612.5 

4  72. 3 

404.  1 

3177.  1 

enthalpy  (-) 

ll-.C? 

U6.?fc 

69,95 

m9.40 

105.  10 

1  12. 73 

117.61 

127.48 

1 55.20 

141.19 

145.82 

149.48 

56.46 

X  PAK 

4,791 

4.72F 

4.695 

4.684 

4.6H? 

4.6P2 

4.6P2 

4,682 

4.6f2 

4.  682 

4.681 

4.599 

4.748 

N 

4,791 

4.  /?tf 

4.695 

4.684 

4.6P? 

4.682 

4.682 

4,68? 

4.682 

4.682 

4.681 

4.625 

4.74b 

CP 

,6h9V 

.  564  1 

.  4594 

.4C  16 

.  3  7  7  3 

.  3676 

.  3M4 

.  34  7  7 

,  33  7  1 

,3313 

.3.329 

1 3.00H2 

.6102 

IPPLL  nPT 

156. HC 

2 12.55 

249.  19 

275.23 

287.05 

294.35 

308.59 

319.29 

327, 54 

333.43 

338.17 

126.66 

IPPLL  VAC 

?34.t  1 

26C.  3  1 

282, 34 

299.28 

307.2  1 

512.  17 

321.94 

329.32 

354.91 

339.  16 

342.92 

229.62 

EPSILPN 

1.C63 

1.634 

2.H4H 

5.  190 

7.440 

9,664 

18,179 

34.348 

65.087 

123.733 

257.640 

1.000 

?8.92  CL 

.C  766 

.0342 

.CC95 

CCPPCSITION  SHIFTING  (PCL/100  GP ) 

.0CI3  .0001  .0000  .ooco  .OOCO 

.OOCO 

.COCO 

.0000 

.OOCO 

.0480 

-  13. 5C  CL»F 

.CCCC 

.CCCC 

.OCCO 

.CCOO 

.OOCO 

.CCCO 

.CCOC 

.OCCO 

.CCCO 

.0000 

.0000 

.0000 

•  OOOC; 

-ib.ti?  CL«F3 

.COOO 

.0000 

.0000 

.0000 

.0000 

•  OUOO 

.0000 

.0000 

.0000 

,0000 

.0000 

.0000 

.0000 

-2 1.97  CL»H 

.6260 

.66t7 

.6935 

.  701  7 

.  7029 

.7030 

.7030 

.  7C30 

.  7030 

.  7030 

.  7030 

.6769 

.6548 

.CC  CL? 

.CC(;2 

.CCC  1 

.  CCOO 

.0000 

♦  0000 

.CCOO 

.0000 

.oocn 

.0000 

.COCO 

.OOCO 

.0000 

.000  1 

IH.flE  F 

.CC57 

.CC  11 

.OCO  1 

.0000 

.OOCO 

.CCOO 

.0000 

.OOCO 

.OOCO 

.0000 

,0000 

.0000 

.002  1 

-64. 5C  f«H 

2.  1034 

2. 1080 

2.  1090 

2.  1091 

2.1091 

2. 109  1 

2. lOV  1 

2.1091 

2.109  1 

2,  1091 

2.  1091 

2.1091 

2.  1070 

5e.6C  F»N 

.ceno 

.occe 

.0000 

.CCOO 

.OOCO 

.ocoo 

.OCCO 

.COCO 

.GOOD 

.OCCO 

.0000 

.OOCO 

•  OOOC 

.CC  F2 

.ccco 

.CCCO 

.  CCCC 

.CCOO 

.ooco 

.OCCO 

.oooc 

.CCCO 

.0000 

.COCO 

.OOCO 

.OOCO 

.OOCL 

b2.  1C  h 

,  1359 

.Cb62 

.0147 

.CC  19 

.CCC  1 

.CCOO 

.CCOO 

.CCCO 

.CCCC 

.0000 

.  0000 

.0000 

.0811 

/V.2C  H*r. 

.CCC  1 

.CCOu 

.  CCOO 

.OUOO 

.OCCO 

.0000 

.0060 

.0000 

.COOO 

.0000 

.0000 

.0000 

.0000 

.cr  H? 

.  7^14 

.76  77 

.  7  75/ 

.  7  7  7V 

.77hI 

.7781 

.  7781 

.  7781 

.  7  78  1 

.  77  78 

.  7  756 

,7311 

.  762  7 

iiC.3C  H2*\ 

.CCCC 

.CCCC 

.ctoc 

.fCOO 

.rocc 

.CCOO 

.CCCC 

.CUOO 

.OOCO 

.CCCC 

.OCCO 

.0000 

.OOOC 

- n .CU  H  3#N 

.CCCC 

.Cr  CC 

.ccco 

.CCOO 

.oocn 

.ccco 

.CCCC 

.COCO 

.CCC  1 

.OOU? 

.0017 

.005? 

.0000 

1 1 3, CC  N 

.CCOl 

.  C  ij  C  U 

.  ocno 

.U'jOU 

.coco 

.nooo 

.0000 

.OUOO 

.COuO 

.0000 

.  0000 

.  0000 

.0000 

.CC  N2 

1 .  C  v'>C 

1 .  r  y  ;m 

1 .Cv2  1 

1.1/2  1 

1  .092  1 

1.0921 

1.C92I 

1  .092 1 

1.0921 

1 .0920 

1.0913 

1 .0764 

1.092 1 

-75. 3 F  CL*H4«N/C 

,  CCCC 

,  0  c  c . 

.0',  ,r 

.CCCO 

.COCO 

.CCCO 

.COCO 

.CUOC 

.  0000 

•  COCO 

.COCO 

.026? 

.0000 

SVStEH  LILI^IP  UIPKCPELIANI 
COHPONChT  IMEF  rORHULA 
CEC  K 

2^H  CL*E) 
29R  t«2*M 


PC  1000  PSIA 

DENSirv  HEAE  PflKR 
faP/CC  (KCAL/fSRH.WT. 
1.00  -RR.JS 

l*OOS  I2<0S 


PC/P  P  PSIA 


I.CCC 
2.0CO 
i.OCO 
A.  oco 
s.ccc 
«.occ 

7.0CQ 

o.cco 

o.occ 

ic.oeo 

1 I.OCO 
I2.0CC 
li.CCC 
lA.CCO 
Ib.OCO 
16.000 
w.ccc 
le.cco 

I9.0CO 

?o.aco 

2  I.CCC 
23.CCC 
3 j.CCO 
2A.C00 
2S.CCC 
76.0CO 
27.CC0 

?e.cco 
20.CCC 
IC.CCO 
> I.CCC 
!2.0CO 
33.CCC 
iA.OCO 

ss.ccc 

56. CC0 

57. CCC 
36.CCC 
26.OC0 
AO.CCO 
A1.CC0 
A3.CC0 
A3.CC0 
AA.CCO 
AS.CCC 
A6.CC0 
A7.OC0 
AO.CCO 
A9.CC0 

sc.cco 

T.OkI 


l.COO 
i.(i9 
10. 613 
16. 6M 
20.662 
60,(63 
S3.6E2 
67.390 
62.322 
07.9»S 
1  U.EC2 
132. 6S9 
151.269 
170. ASS 
190.067 
2C9.69e 
229.690 
269.960 
272. 7E6 
296.673 
320. 7S6 
365. S63 
3  70.  7S0 
396.2(6 
622.072 
666. C2S 
6  76. C76 
SCO.  ISS 
536.213 
552. 2C3 
576. C9I 
6C3.6S' 
629.661 
6*9.561 
690. 3(0 
721.665 
75  3.367 
7(5.692 
(17.9(9 
650.(27 
((3.971 
917.391 
951. CS3 
9(6.921 
IC1H.966 
ICS3.  192 
tC(7.523 
1121.950 
1156.667 
1190.9(9 
1225.556 
6R.C66 


1000.000 
563.(66 
96.033 
53.519 
33.725 
26.605 
IP. 626 
16.639 
12.  167 
1C.2IC 
(.711 
7.S3( 
6.611 
5.867 
5.262 
6.766 
6. 950 
6.001 
3.666 
3.  373 
3.116 
2.(96 
2.697 
2.523 
2.369 
2.232 
2.  109 
I  .V99 
1.900 
1.(11 
1.730 
1.656 
1.569 
1.516 
1.669 
1 .  1(6 
1.327 
1.273 
1.223 
1.175 
l.til 
1  -09C 
1.051 
1.015 
.961 
.969 
.920 
.(9t 
.(65 
.(6C 
.616 
16.696 


FR02EA  EIPAKSIOA 
C  STAR  -  5(115.6  PT/SEC 
TEPP  EKfHALPV  CP  CAL/  I  OPT  OEIVAC  CELVAC 
CEC  K  RCAL/IOOCN  CM  DfC  /P 

3502. 6  -  16.02  .619 

3066.7  -36.96  .613  126.6 

2055.6  -77.01  .593  227.2 

1755.6  -68.63  .363  267.9 

1566.5  -95.73  .376  260.1 

1638.7  -100.57  .370  266.0 

1359.8  -IC6.2I  .366  273.8 

1261.6  -107.07  .  362  278.3 

1196.8  -iC9.39  .359  261.9 

1162. A  -1  1  1.36  .357  286.9 

1095.6  -IIS.OC  .356  287.5 

1056.8  -116.66  .352  289.6 

1018.6  -115.71  .351  291.5 

986.6  -116.86  .369  293.2 

957.7  -117.85  .368  296.7 

931.6  -IK. 76  .566  296.0 

9C7.5  -119.56  .365  297.2 

885.5  -120.  36  .ii>6  296.6 

865.2  -121.06  .563  299.6 

(66.6  -121.69  .363  500.3 

826.9  -122.29  .362  301.2 

812.6  -122.66  .361  102.0 

797.3  -125.  37  .36  1  10J.7 

762.9  -123.(5  .  360  305.6 

769.6  -  126.  31  .  339  306.1 

756.6  -126.75  .359  506.7 

766.6  -125.16  .15*  305-3 

733.  1  -125. -j«  .358  305.8 

722.2  -  125.91  .338  306.6 

711. 9  -126.26  .337  $06.9 

7C2.0  -126.59  .357  307.5 

692.6  '126.91  .557  307.8 

68  3.6  '  127.21  .  356  308.2 

6/5.0  '127. 5C  .  356  506.6 

666.7  '127.76  .536  309.0 

658.6  '128. C6  .355  309.6 

651.2  '12R.SC  .  355  309.7 

66J.e  >120.55  .335  3IC.I 

636.6  '128.78  .  335  SIC. 6 

63C.0  '129.01  .335  SIC. 7 

(23.6  '129. 23  .356  31  1.0 

617.1  '129.6*  .336  311.3 

6IC.9  '129.65  .336  311.6 

6C5.0  '129.(6  .536  SII.9 

599.3  >130.06  .356  312.2 

593.7  '130.22  .356  512.6 

588.3  >130. 6C  .333  312.7 

583.1  '130.57  .353  312.9 

578.0  '130.76  .533  313.2 

575.1  '130.91  .353  313.6 

5<>8.3  '13  1.07  .333  SM.6 

1258.1  -l€7.l(  .  362  278.5 


98.3 

36.7 

29.3 
26.9 
22.2 

20.3 

18.8 

17.6 

16.6 

15.8 
15.  I 

16.5 

13.9 

13.5 
13.0 

12.6 

12.3 
12.0 
I  1.7 
11.6 
1 1.  1 

10.9 
10.7 
10.5 

10.3 

10.1 

9.9 

9.8 

9.6 

9.5 
9.3 
9.2 
9.  I 

8.9 

8.8 

8.7 

8.6 

8.5 


8.0 

8.0 

7.9 


18.7 


.  181 
.362 
.567 
.739 
.906 
1.008 

1.265 
1.667 
1.627 

1. PI2 

2.001 

2.  189 
2.375 
2.558 
2.735 
2.907 
3.073 

3.265 
3.661 
3.656 
3.050 
6.063 
6.236 
6.622 
6.607 
6.786 
6.965 
5.ls7 
5.  306 
5.669 
5.629 
5.  706 
5.975 
(.170 
6.365 
6.560 
6.755 
6.95C 
7.  166 
7.537 
7.5  30 
7,722 
7.912 
«.  101 
8.289 
8.675 
P,65V 
6.861 
9.021 
9.199 
1.273 


226.0  226. H 

258.2  259.9 

269.1  271.6 

276.1  277.6 

276.9  280.9 

278.1  282.9 

2/8.5  286.1 

286.7 


226.6 

263.2 

276.3 

283.7 
2H8.7 

292.2 
296.9 
297.  I 

298.8 

300. 1 

301.3 

302.3 
-303. 1 

303.8 

506.6 

306.9 

305.6 

305.8 

306.  I 
3u6.  3 

306.6 

306.7 

306.9 
507.0 

307.  I 

307.2 

307.3 
307.6 
307.6 
307.5 


278.5  286.1  295.0 


226.7 

265.9 

277.2 
285.0 

290.2 
296.  1 

297.1 

299.5 

301.5 

303.2 

306. 7 
306.0 
307.  ) 

308.2 
309.  1 

309.9 

310. 6 

511.3 
312.0 
3  12.6 
313.  I 

313.6 
316.  I 

316.6 

315.  C 

315.6 

315.8 

316.  I 

316.5 

316.8 

317.  1 
3  17.6 

317.7 

317.9 

518.2 

318. 6 
3  18.  7 

318.9 
319.  I 
319.  3 

319.5 

319.7 

319.9 

320. 1 

320.3 

320.5 

320.6 

320.8 
321.0 
321.  I 

297.2 


1.260 
1.629 
1.690 
1.5  17 
1.533 
1.539 
1.56  1 


1.255 
1.660 
1.5  36 
1.577 
1.606 
1.628 
1.666 
1 .658 
1.669 
1.678 
1.686 
1.696 
1.700 
1.705 
1.7)1 
1.715 
1.719 
1.723 
1.  727 
1.730 
1.733 
1.736 
1.738 
1.761 
I.  763 
1.766 

1.768 
1.750 
I.  751 
1.753 
1.755 

1.757 

1.758 
I.  760 

1.761 

1.762 
1.766 

1.765 

1.766 

1.767 

1.769 

1.770 

1.771 

1.772 

1.773 
1.776 
1.775 

1.775 

1.776 

1.777 
1.665 


1. CCC 

2. CC0 

3. CCC 
6.CC0 

5. CC0 

6. CCC 

7. CCC 

e.ccc 

9.CCC 

1C.CCC 

I1.0CC 

t2.CCC 

13.CC0 

16. CC0 
IS.OCC 
)6.0C0 

17. CCC 

le.cco 

19. CC0 

20. CCO 

21. CC0 
22.0CO 
23.CC0 

26. CC0 
2S.CC0 
26.0CO 

27. CCO 
20.CCO 
29.OC0 
30.0CO 
J1.0CO 

32. CC0 

33. CCO 

36. CCO 
3S.CCC 
36.0C0 

37. CCO 

38. CC0 

39. CC0 
60.0CO 
6 I.OCO 
62.OC0 
63.0C0 
66.0C0 
6S.0C0 
66.0CC 

67. CCC 

68. CC0 

69. CC0 
50.0C0 

7.660 


PC  /P 

I.CCC  I 
1 .  79  I 
9.S(I 
I7.2VV 
27.519 
?7.e«6 
69.(28 
(2.3C5 
75.822 
90.  193 
ICS. 252 
12  1.6*3 
138.371 
155. 89C 
173.858 
192.  162 
210.(25 
729.216 
267.066 
260. 7C3 
290.575 
312.9(9 
135.017 
359.068 
3(2.592 
6C6. 3(2 
630. 3S3 
656.665 
678. 6C2 
5C2. 776 
526.926 
551.0)6 
575.020 
$90,919 
622. 7C6 
(69.2C6 
(77.550 
7C6. 3C2 
735.635 
7(6.925 
796.766 
876.876 
(55.2(6 
((5.969 
916.866 
967.966 
579.231 
ICia.672 
1062.267 
1073. 936 
nC5.7l2 
(8.066 


CEO  « 
.COO  35C2. 
.2tC  5177. 
. 576  7316. 
.(0?  2CC I. 
. 359  1799. 
,61C  1657. 
.  150  1569. 
.C5C  1662. 
.169  159  1  . 
.067  1331. 
.501  1779. 
.736  1733. 
.727  1193, 
.615  1157. 
.752  1125. 
.206  1095. 
. 76(  IC69. 
.  363  1066. 
,035  1021. 
. 722  lOOC. 
9ec. 
96  I . 
9*6. 
978. 
912. 
698. 
686. 
871. 
658. 
#67. 
035. 


.  195 


.200 

.089 

.909 

.098 


0C6.6 
795.  > 
785.9 
777.2 

768.7 
760.  5 

752.7 
765.1 

737.7 
730.  7 
723.0 
717.  I 
71C.  7 

706.6 

690.6 
692.5 
686.0 
(01.2 

16.696  1629.0 


.67C 
.606 
.56C 
.676 
.61( 
.  360 
.307 
.256 
.212 
.  169 
.  129 
.091 
.055 
.021 
.909 
-959 
.931 
.906 


CMhAl  PY 
HCil/lCCO*’ 
1  -iR.o; 

I  -36.66 
1  -7P.I) 

I  '9C.95 
I  -90.85 
•  -IC6.25 
-tOP. 31 
'  -111.52 
»  '116.1* 
f  '116.3* 

>  '110.21 
'  -119.05 
’  '121.28 
I  '122.56 
1  '123.71 
I  -126.76 
)  -125.69 

!  -126.55 
I  -127.35 
'120.09 
I  '120.77 
I  -1/9. 1.1 
I  -130.01 
I  -130.57 
’  -131. 1C 

'  -13). 6C 
I  -132.07 
I  -132.52 
I  -132.96 
I  -133.3* 

I  -133.72 
)  -136.09 

-136.66 
-136,77 
-155.  10 
-135. 6C 
-135. 7C 
'155.98 
-136.26 
'136.52 
-156.78 
-137.02 
-157.26 
-  137.69 
-137.71 
-137.93 
-138.  16 
-138.36 
-130.53 
I  -130.73 
1  -150.91 

'112.75 


5N|ft|S(.  EIP66SI9M 
C  SUP  •  5953.6  71/SEt 
tf  CAL/  1  APT  OCLVAC  tClVAC  1  SEA 
CP  IfC  /P  L9l 

.690 

.6)0  126.7  1C5.0  .10*  226.9 

.631  229.2  60.3  .306  263.8 

.390  251.9  32.1  .556  275.9 

.305  265.2  27.6  .756  2PI.5 

.370  271.9  26.5  .977  /8«.0 

.373  28C.3  22.6  I.IIO  2o6.3 

.369  28S.2  20.0  1.296  2^7.0 

.366 
.363 
.  361 
.350 
.  356 
.355 
.353 
.152 
.350 
.369 
.360 
.367 
.  366 
.  365 
.  366 
.  363 
.36  3 
.362 
.36  1 
.36) 

.360 
.360 
.339 


’39 

.330 
.330 
.337 
.357 
,336 
.356 
.356 
.535 
.335 
.3  35 
.335 
.336 
.336 
.336 
.336 
.333 
.333 
.333 
.333 
.360 


126.7 

229.2 

251.9 

265.2 

271.9 
20C.3 

285.2 

209.2 

292.5 

295.2 

297.6 

299.7 

301.6 

305.2 

306.7 

306.1 

507.3 

300.6 

309.6 
SIC. 6 

311.3 

312.1 

312.9 

513.7 

316.3 
515.0 

515.6 

316.2 
3)6.7 

317.3 
317.0 

316.2 
31". 7 

319.1 

319.6 
320.0 

320.3 

520.7 

521.1 

321.6 

321.8 
322.) 

322.6 

322.7 
323.0 

325.3 
523. S 
323.0 

326.1 

326.3 
207.0 


iC5.0 

60.3 

32.1 
27.6 

26.5 

22.6 
20.0 

19.5 

10.6 

17.5 
16.0 
16.  I 

15. 5 
15.0 

16.6 

16.1 
13.0 
13.6 

13.1 

12.0 

12.5 

12.2 
12,0 
11.0 
I  1.6 

11.6 
11.2 
1  1.0 
10.0 


10.2 
10.  I 
•  0.0 
9.0 
9.7 
9.6 

9.5 

9.6 
9.3 
V,2 
9.  1 
9.0 
0.9 
0.0 

6.7 

8.7 
0.6 
0.5 

20.2 


.  IP6 
.306 
.556 
.  756 
.927 
I.IIO 
1.29* 
1.677 
1.662 
1.066 
2.038 
2.25C 
2.62/ 
2.611 
2.797 
2.977 
'.  153 
3.323 
3.515 
3.716 
3.913 
6.  1 12 
6.510 
6.505 
6.699 
6.00V 
5.077 
5.261 

5.661 
5.6)7 
5.709 
5.957 
(.120 
6.20” 
6.663 

6.661 
(.860 
7.059 

7,250 

7.656 

7.655 

7.055 

8.050 

8.267 

8.662 

6.636 

8.029 

9.021 

9.21) 

9.600 

1.372 


ICCOO 

227.7 

265.5 
278.3 
2(6.9 
2(8.9 
291.2 

292.7 

293.5 
293. ( 


229.  * 
260.0 
2P3.  I 
291.3 

296.8 

300.8 


3C0.C 

109.6 

310.9 

312.0 


316.5 
315.  I 
315.7 
316.1 
316.5 
316.9 


317.6 

317.7 


310.  I 
3)0.2 
310.3 
310.3 
318.6 
3)0.6 


207.0  293.1  306.9 


229. ( 

269.5 

2(6. C 

292.6 

290.6 
3C2.6 
306. C 

306.6 
310.9 

312.8 

316.6 

315.8 
317.  I 

316.2 

319.3 

320.2 

321. C 
321.0 

322.5 

523.2 

323.8 

326.6 

326.9 
$25.6 

325.9 
326.6 

326.6 

327.2 

327.6 

327.9 

328.3 

328.6 

328.9 

529.2 

329.5 

329.6 

330. 1 

330.3 

530.6 
330.0 
331.0 

331.  $ 

531.5 

531.7 

331.9 

332.  1 

332.3 

332.6 

332.6 

332.8 

307.2 


1.265 
1.6  30 
1.696 
1.527 
1.566 
1.553 
1.556 


I.2S0 
1.661 
1.560 
1.587 
I.6IA 
1.661 
1.659 
1 .676 
1.666 
1 .696 

1.705 
1.713 
1.720 
1.726 
1.731 
1.736 
1.76  1 
1.765 

1.769 
1.752 
I.7S6 
1 .  759 
1.762 
1 . 765 
1.767 

1.770 
1.772 
1.776 
1.776 
1.770 
1 .780 
1.762 

1.706 


1.790 

1.791 
1.793 
1.796 

1.795 

1.796 

1.797 

1.799 

1.800 
1.601 
1 .602 
1.603 
1.806 
1 .60S 
1.666 


'45- 


PRESSURE  PROfILC  DATA 

SVSTfP  LUUli;  HIPHOPELLANf  PC  ICCC  PSlA 


CCRPONENT 

TREE  FCRPULA 

l.ENSITY 

PEAT  FORM 

U  I 

.  0/0 

rec,  K 

GP/CC 

IKCAL/fCop.WT.  1 

/9H  CL* 

F  3 

1  .K8 

-■i4.  3S 

70, 

29H  N2*hM 

1  .CC4 

♦  12.06 

30, 

bULK 

CfcKSl !Y 

1  . 

iAl  CP/CC 

^ IXTLRE  RATIO  =  7, 

333  Hi  CXiDIZtK 

/  Lb  Cf 

*^L;£L 

PRESSURE 

profile 

CAT  A 

CHARbfcH 

ENTROPY 

24S.9C 

EU/  ILC 

oPS 

CPARHEH 

THRCaT 

FROZEN 

EXPANSION 

PPESSlRb  , 

PSU 

ICCO 

i9P,  1 

15e.b 

63.  10 

2S.  12 

14.  70 

1C.CC 

3.9f-  1 

l.SbS 

.631 

.2S1 

.  ICO 

S4  3.4 

TEKP,  C6C 

K 

275C.i 

^0?9.U 

ruR.b 

1944. 7 

1S4  1.4 

1  540.  7 

I21C.S 

94  1.9 

72  7.  1 

SSP.  3 

42  7  . S 

32  7.4 

32S7.6 

EMhALPY  1 

[-  ) 

2?,  iO 

bC.CP 

/2.r7 

90.4? 

104. 70 

1  n.S9 

1  1 S  .  9  7 

1 ?4. 7R 

13). 61 

1  36.0  7 

140.90 

143.98 

4  1  .  3S 

CP 

.  it  10 

.  W  IS 

.  3603 

.  34  74 

.  33VS 

♦  3336 

,i//2 

.3141 

.  309S 

.  307S 

.  3064 

,  3840 

IPPLL  13PT 

ISSUS 

2CH.72 

24  3.4  3 

267.7  3 

27R. 70 

2HS.46 

29P.SH 

3CM. 37 

31S.  70 

321.21 

323. 3S 

128. 73 

IPPCL  VAC 

2iU  IS 

2S‘4.  !9 

274.47 

290.  1C 

297. 39 

301.95 

3  IC.P4 

317, S3 

322. S7 

326. 3M 

329.26 

22  7. C3 

ePSRCN 

KCSI 

1  .S  79 

2.719 

4.922 

7.03C 

9.  1C7 

1 7. Cl  7 

31.949 

60. 191 

113.796 

2  16. 126 

I  .OOU 

SHIFT ING  EXPANSION 

PHESSLRE  , 

PSU 

JCCO 

39t.  1 

ISL.S 

63.  10 

2S.  12 

14.70 

IC.CC 

3. VP  1 

1  .SbS 

.631 

.2S1 

.  ICO 

S60.0 

TEPP,  UEG 

K 

IJbC.i 

2  7  7  7  . P 

23H.0 

1H7S.  9 

164  7.6 

149  7. 3 

1  1R2.6 

92S.2 

71H.C 

SS4.2 

426. rt 

3433.2 

EMPALPV  1 

[-  ) 

22, 

bC.Pl 

7U.99 

9S.21 

111.77 

1 19. H7 

12S.G7 

1  3S.6  3 

14  3.93 

ISO. 40 

ISS.41 

1S9.27 

40.77 

X  bAR 

U.Uli 

«4.  <S7 

4.330 

4.323 

4.323 

4.  323 

4.  523 

4.  323 

4.32? 

4. 32? 

4.  522 

4.440 

N 

U,U9i 

L ,  ii  M 

4.330 

4.323 

4.32  3 

4.  32  3 

4.52  3 

4.  323 

4.  322 

4.  322 

4.  322 

4.440 

CP 

,  7SS1 

.63UC 

.SCPU 

.4C9« 

.362  5 

.  349  3 

.  342S 

.  32HS 

.3166 

.3Ce3 

.  30  3  7 

.  3047 

.6800 

IRPLL  CPT 

lb7UP 

?IU.  1C 

2S1.HS 

27H.9H 

291. 34 

299. CC 

3  1  3.99 

32S.29 

3  33  . m3 

340.29 

345.19 

126. 77 

IRPLI.  VAC 

2  it, 2! 

262.97 

2H6.23 

304. 12 

312.48 

317.72 

.32H,06 

33S.92 

341.86 

346.38 

34V. Kl 

230.73 

EPSILON 

1  .Cd6 

1.661 

2.936 

S.  390 

7.  74H 

IC.0H2 

19.C46 

36.  12H 

66.624 

130. S19 

?Ua.H90 

1.000 

CCKPCSI1ICN  SbIFIlKO  (PCL/1CC  GK ) 


28.92 

CL 

.  I6S8 

.C966 

.0403 

.CC96 

.CO  10 

.CCC2 

.0000 

.OuOO 

.OOUO 

.0000 

.0000 

.0000 

.  1?lo 

-13. SC 

CL»F 

.COOl 

.0000 

.0000 

.0000 

.OOCO 

.0000 

.roou 

.OCOO 

.0000 

.OOUO 

.0000 

.0000 

.0000 

-  i  b  .  8  7 

CL«F2 

.CCCO 

.OCCC 

.CCCO 

.0000 

.0000 

.OOCO 

.CCOO 

.COCO 

.COCO 

.CCCC 

.COCO 

.0000 

.0000 

-21.97 

CL«P 

.  590  1 

.6599 

.  7  166 

.  74  75 

.7S61 

.  7569 

.  757  1 

.  757  1 

.  75  7  1 

.  7  5  7  1 

.  75  7  1 

.  757  1 

.634  7 

.CC 

CL2 

.CC06 

.CCC3 

.CCCl 

.CCOO 

.COCO 

.CCOO 

.0000 

.0000 

.OOCO 

,0000 

.0000 

.0000 

.0004 

18.86 

F 

.0192 

.005  1 

.0008 

.0001 

.rccc 

.0000 

,CCGO 

.0000 

.0000 

.0000 

.0000 

.0000 

.008  7 

-64. SC 

F»h 

2.2520 

2.2662 

2.2705 

2.2713 

2.2715 

2.2713 

2.77  1  3 

2.2713 

2.27)3 

2.2713 

2.271  3 

2.27  1  5 

2.2625 

58. 6C 

F«N 

.CCOO 

.COCO 

.0000 

.CCOO 

.0000 

.COOO 

.OCOC 

.OOCO 

.COCO 

.OOCO 

.COCO 

.0000 

•  0  c  c  c 

.CC 

F2 

.CCOO 

.CCCC 

.OCCO 

.CCOO 

.CCCC 

.CCCO 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

52.  1C 

H 

.  1566 

.  0789 

.0289 

.0062 

.C0C6 

.OCO  1 

.CCOO 

.0000 

.OOCO 

.0000 

.0000 

.0000 

.  104d 

79. 2C 

F  -N 

.CCC2 

.OCCC 

.OCOO 

.CCOO 

.OOCO 

.0000 

.COOO 

.OOCO 

.OOCO 

.0000 

.OOCO 

.0000 

.0001 

.CC 

1-2 

.  3  72  7 

.3696 

.  3642 

,.3597 

.  35P? 

.3580 

.  5580 

.  35fc0 

.  35fcC 

.  35  79 

.  3579 

.  3568 

.3711 

4C.  3C 

F2»N 

.CCOO 

.CCCC 

.CCCO 

.OCOO 

.OOCO 

.CCOO 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.  0000 

-11.04 

F  3*  N 

.CCOO 

.0000 

.0000 

.0000 

.CCCO 

.0000 

.0000 

.0000 

.0000 

.0000 

.000  1 

.0008 

.OOOU 

1  13. CC 

N 

.CCC2 

.OCOC 

.OCOO 

.OCOO 

.OOCO 

.0000 

.CCOO 

.OOOC 

.0000 

.OOOC 

.  COOO 

.0000 

.000  1 

.CC 

N2 

.  9359 

.936  1 

.9361 

.7361 

.956  I 

.936  I 

.936  1 

.9  36  1 

.936  1 

.9  361 

.9561 

.9357 

.9360 

46- 


I. 0C0 

3. CC0 

J. CCO 

tt.oco 

i.OCO 

6. CC0 
/.cco 

b.CCO 

4. CC0 
IC.CCO 
M.OCQ 
12.0CG 
M.CCO 
tli.CCO 
IS.OCO 

16.  ecu 

17. CCO 
le.ccQ 
I9.CC0 
2C.CCC 
7).CCO 
22.CCO 
2J.CCO 
SN.CCO 
2S.CCO 
76.CC0 
27.0C0 

?e.ccc 

29.CCO 
JC.CCC 
u.cco 
32.CCC 
Jj.CCO 
ib.CCC 
'5.CCC 
J6.CCC 
37.CCC 
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4.176 
4.126 
4.575 
4.772 
4.9)7 
5.1)0 
5.  ICO 
5.486 
5.669 
5.848 
6.023 
6.19b 
6. 167 
6.526 
6.686 
6.879 
7,079 
7.278 
7.478 
7.678 
1.878 
8.077 
8.776 
E.475 

8.673 
e.869 
9.865 
9.260 
9.454 
1.438 


228.0 

266.0 

2/8.8 

204.9 

768.4 

290.1 
291.  I 


728.8 

767.7 

781.7 

780.1 
792.6 

795.1 

796.9 

797.9 
790.11 


710.4 
771.0 
286.0 
294.0 
100.6 

104.8 
108.  I 
110.6 
1)7.  7 

114.4 

315.8 
$17. C 
118.  I 

116.9 

119.7 

120.4 
171.0 

121.5 
527.0 

122.4 
122.  7 
123.0 

171.2 

171.4 

123.6 

173.8 

371.9 
124.0 
174.  I 
124.  2 

124. 3 
524.1 

174.4 

124.4 


291.3  797.7  JIO.O 


7)0.  7 
771.6 
787. C 
796.  1 
)C7.2 
106.  7 
lie.  3 
31).  1 

115.5 
1)7.6 

319.5 

170.9 

122.2 

171.4 

124.5 

375.5 

126.4 

127. 5 
128.0 
328.  7 

129.4 
510.0 

110.6 
111.2 
111.  7 
112.2 
132.6 
111.  I 

513.5 

333.9 

314.2 

134.6 

114.9 

115.3 

115.6 

115.9 
336.2 

156.4 
116.  7 
137, C 

537.7 

517.5 
517.  7 

117.9 
130.  1 

538.4 

538.6 

518.8 
339.0 
139.  1 

112.5 


1.554 

1.564 

1.569 


1.220 
1.464 
1.546 
1.595 
1.628 
1.651 
1.672 
1.687 
1.700 
1.711 
1.720 
1.729 
1 .  736 
1.741 
1 .  748 
1.754 
1.759 
1.761 
1.767 
1.771 
1.775 
1 .  778 
1.781 
1.784 
1 .  787 
1 .  790 
1.792 
1.794 
1.797 
1.799 
1.801 
1.803 
1.005 
1.006 
1.008 
1.810 
1.811 
1.813 
I.UI4 
1.815 
1.617 
1.018 
1.619 
1.02) 
1.072 
1.875 
1.024 

1.825 

1.826 
1.827 
1.603 
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p«e«;sukc  PHf!riLe  c*u 

SYSTEk  LKUID  blPRQPfcLLANI  PC  JOCC  PSIA 


CCKPCNENT 

IREF  FCftPbLA 

CENSI  lY 

HEAT  FORM 

S^T 

CEO  K 

oM/CC 

(KLAL/fOkH.ur. 

) 

^9}i  CL«f3 

1  .an 

-UU,ib 

Ib 

29iS 

).ccu 

2S 

BULK  CeKSlTY  =  1-5A3G^/CC 

MXTUke  KATIO  =  i.OOO  Lb  OXIOIZLK  /  Lb  Cf  FUEL 


PRESSUKE  PkOFILF  CAfA 


ChAMeCK  EKTftCPY  EU/UCokS 


CFAHeER 


THROAT 


FROZEN  EXPANSION 


PRESSlREi 

PSIA 

ICCC 

39fe.  1 

I5H.5 

63.  1C 

25.  1? 

14.  70 

IC.CC 

3.9F1 

1.585 

.63  1 

.251 

.  100 

54  2.1 

TEPP,  CEG 

K 

i92fc!.0 

3159.6 

2529. 3 

2C12.7 

15H9. r 

1380.0 

1244.3 

965.2 

742.8 

56B.  7 

434.3 

331.7 

3400.4 

ENTHALPY  1 

1-  ) 

26. S8 

53.86 

T5.  77 

93.25 

107. 12 

11 5. 79 

1 18.03 

126.53 

1 35.09 

138.14 

141.99 

144.92 

45.37 

CP 

.  3583 

.3515 

.3433 

.  5330 

.321H 

.  314H 

.  3095 

.299? 

.2919 

.2P78 

.286  1 

.2849 

.  3537 

IPPUL  OPT 

IbU.C/ 

2C6.M7 

240.84 

264.70 

275. 4d 

282.C6 

<r94  ,F  7 

304.4  1 

3  1  I. -53 

516. b7 

320.86 

127.87 

IPPUL  VAC 

228. 9u 

251,50 

271. 35 

2H6.63 

?93. 74 

298. 16 

3C6. H2 

313,31 

318.19 

321.87 

324.64 

224.95 

EPSILON 

1  .C5C 

1.573 

2. 70C 

4.P73 

6.9U9 

8.V92 

16. 75V 

3  1.382 

5H.980 

1  1  1.220 

210. 713 

1.000 

SMIFl INU  expansion 


PRESSLRE, 

PSIA 

ICOO 

396.  1 

I5tt.5 

63.  1C 

25.  12 

14.70 

1C. CO 

3.9h  1 

1.585 

.63  1 

.251 

,  100 

561.8 

TEHP,  DEG 

K 

3928.0 

3433.2 

2965.9 

2508.  1 

2050,4 

1818.7 

167  3.8 

1368. fl 

1  092.5 

854.4 

662.2 

51  1.0 

3614.4 

ENTHALPY  1 

) 

26.58 

54.71 

78.  74 

99.05 

1  15.82 

124.08 

129.42 

140.49 

149.4  1 

156.44 

I6l,9? 

166.  IS 

44.70 

X  EAR 

4.223 

4,  1 39 

4.C74 

4.053 

4.019 

4.008 

3.997 

3.973 

3.964 

3.965 

5.963 

3.96.3 

4.168 

N 

4.223 

4.  139 

4.074 

4.033 

4,019 

4.008 

3.997 

3.973 

.3.964 

3.963 

3.963 

3.963 

4.  168 

CP 

.  7  7  64 

.  6599 

.  54  55 

.4  184 

.358? 

.  3792 

,  389/ 

.  3552 

.  505B 

.2884 

.2816 

.2785 

.  7035 

IPPUL  OPT 

156.45 

21 3.C3 

251.09 

27M.63 

291.24 

299.  1  1 

314.«0 

326.89 

3  36.  1  2 

343,13 

348.45 

125.57 

IPPLL  VAC 

234.98 

262.07 

2U5.V2 

304. 19 

312.87 

318.45 

329. 75 

338. 34 

344.8  3 

349. 74 

353.46 

229.30 

EPSILON 

1  .C6e 

1.676 

2.990 

5.5  1? 

7.9  74 

10.473 

20,317 

39.  138 

74,75  1 

142. 558 

272.103 

1.000 

LCPPCSITICN  SHIFIING  (PCL/lOO  oP ) 


28.92 

CL 

.3471 

.  2  7  71 

,  1992 

.  1  575 

.1115 

.0906 

.0686 

.0  199 

.002  1 

.000  1 

.0000 

.0000 

.  3050 

-13. 5C 

CL«F 

.CCC6 

.CCC? 

.CCO  1 

.cooo 

♦  occc 

.0000 

.OCCO 

.OOoO 

.COCO 

.coco 

.OOCO 

.OOCO 

.0003 

-36.87 

CL«F3 

.CCOO 

.CCOC 

.0000 

.0000 

.0000 

.cooo 

.OOCO 

.coco 

.OOCO 

,ooco 

.COLO 

.0000 

.0001 

-21.97 

CL*h 

.4598 

.53C9 

.6093 

.6704 

.6665 

.6868 

.6868 

.6866 

,6P6c 

.6868 

.6H68 

.6868 

.5027 

.CC 

CL2 

.CCIP 

,CCI5 

.0013 

..;oi6 

.0066 

.0168 

.0279 

.0525 

.0612 

.0622 

.0622 

.0622 

.0016 

16.86 

F 

.C664 

.0254 

.CC75 

.CCl  7 

.C0C3 

.000  1 

.OCCO 

.0000 

.0000 

.0000 

.0000 

.COOO 

.0374 

-64. 5C 

F»H 

2.3666 

2,4cec 

2.4260 

2.43IH 

2.433? 

2.433U 

2.45-35 

2.4536 

2.4336 

2.4336 

2.4336 

2.4336 

?. 3958 

58. 6C 

F*r 

.CCOC 

.CCCC 

.0000 

.OCCO 

.OOCO 

.CCOO 

.CCCC 

.0000 

.OOCO 

.OCCO 

.0000 

.0000 

.OOCC 

.CC 

F2 

.CCCC 

.CCCC 

.CCOO 

.  0000 

.0000 

.0000 

.0000 

,0000 

.0000 

.0000 

.OOCO 

.0000 

.0000 

52.  1C 

F 

.  1C65 

.0504 

.0161 

.0022 

.OCCI 

.cooo 

.0000 

.ouuo 

.OOCO 

.OOCC 

.0000 

.0000 

,  069C 

79. 2C 

H«r. 

.CCO  1 

.COCO 

.0000 

.0000 

.OOCO 

.ocoo 

.OCCO 

.OOCC 

.0000 

.COCO 

.0000 

.0000 

.  OOOC 

.CC 

H2 

.C936 

.C655 

.0345 

.0079 

.0003 

.CCOO 

.cocc 

.COCO 

.OOCO 

.OOCC 

.OOCC 

.0000 

.0764 

4C.3C 

F2«N 

.CCCO 

.CCCC 

.0000 

.0000 

.OOCO 

.0000 

,0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

-11.04 

H3«N 

.CCCO 

.CCOO 

.OoCO 

.0000 

.OOCO 

.0000 

.coco 

.OOCO 

.0000 

.0000 

.0000 

.0000 

.  0000 

1  1  3.CC 

N 

.CCQ.3 

.OCCI 

.0000 

.0000 

.0000 

.cooo 

.CCCO 

.OOCO 

.OOCO 

.0000 

.0000 

.0000 

.0001 

.CC 

N2 

.  7  799 

.  7bCC 

.  780  1 

.7801 

.70C1 

.  78C  1 

.Tec  1 

.TBCl 

.78C1 

.  780  1 

.  780  1 

.  7RCI 

.7800 
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SVSTfH  IIQUIO  aiPRA^CLLANt  PC  1000  PSU 

COPPOMCRT  IMkP  PetPUL*  UCkSirv  PiAl  PBHM  Mt.  S/O 

CCC  «  r.M/CC  *  (KCPL/PBRP.Hf .  > 

2oe  c».*pj 

2Wk  N2*Mk  I.OOk  •I2.0& 

PROiCk  (RPRNSlOk 


I 


PRESSURE,  PStA 

tepp,  leg  K 

ENTHALPY  (-1 
CP 

IHPUL  OPT 
IPPUL  VAC 
EPSILON 


PRESSURE,  PSiA 

tepp,  ceg  k 

ENTHALPY  {-I 
K  HAM 
K 

CP 

IPPUL  OPT 
IPPUL  VAC 
FPSILCN 


?ti.92  CL 

-  13. 5C  CL»F 

CL*P3 

-21.97  CL»H 
.OC  CL2 
18.86  f 

-64. bC  F«H 
58. 6C  F«N 
.CC  F2 
57.  1C  H 
79. 2C  H*N 
.CC  H2 
4C.4C  H2«N 

-  I  1.04  HJtA 

1  li.OC  N 

.CC  K2 


PRESSURE 

phofile 

DATA 

SYSIEP 

1  LICUIO 

8 1  PROPELLANT 

PC  ICCC  PSIA 

CCPPONENT 

TREF  FORHULA 

DENSITY 

heat  form 

kJ 

.  0/0 

CEG  K 

GH/CC 

(KCAL/FORH.ur.  1 

298  CL»F3 

1.880 

-44.35 

BO 

298  N2*H4 

I.CC4 

♦  12.05 

20 

8ULK 

CENSl  ly  -  1  •('Ol  GH/CC 

FIXTURE  RAriO  =  4. 

000  L6  OXIDIZER 

/  Lb  CF 

FUEL 

PRf SSUHF 

pkofile 

CATA 

CHAPBEk 

EMRCPV 

217. 4C 

to/ lOCoRS 

CHAHeER 

THROAT 

FROZEN 

FXPANSICN 

ICOO 

398.  1 

158.5 

63.10 

25.  12 

14.70 

1C. CD 

3.9fl 

I.SflS 

.631 

.251 

•  100 

537.  7 

3568.8 

2848.4 

224H.5 

1762.9 

1 370.8 

1  179.2 

1056.6 

8CB.  3 

615.3 

467.  1 

354.5 

267.5 

3073.  1 

3C.85 

54.  r  1 

73.59 

88.46 

100.06 

105.58 

109.05 

1  15.95 

121.2? 

125.23 

128.25 

130.58 

47.52 

.  3753 

.3167 

.3IC6 

.3009 

.29C9 

.2850 

.2815 

.2747 

.27  1  3 

.2696 

•  2683 

.2670 

.3209 

144. CS 

192.82 

223.85 

245.37 

254.96 

260.81 

272. CH 

280.36 

266.53 

291.08 

294.54 

120.41 

2  13.55 

233.81 

251.53 

265. Cl 

271.21 

275. C5 

282.52 

268.09 

292.25 

295.36 

297.74 

210.  12 

1.046 

1.550 

2.62V 

4. 685 

6.630 

8. 534 

15.719 

29.168 

54.424 

102. 146 

191.512 

1.000 

SHIFTING  EXPANSION 

ICOO 

398  .  1 

158.5 

63.  10 

25.  12 

14.70 

1C. DC 

3.98  1 

1.585 

.631 

.251 

.100 

549.4 

3566.8 

2981.6 

25 15.6 

2 169.4 

IH96.7 

I  757. 3 

1662.2 

1439.4 

1204.9 

964.  1 

754,5 

567.0 

3179.2 

30.85 

55.  M 

75.  19 

91.98 

106.25 

1  15.58 

1 18.45 

120.90 

137.69 

144.84 

150.48 

154.68 

47.  1  7 

4.C66 

4.C3  1 

3.970 

3.886 

3.795 

3.745 

5.71? 

3.64  8 

3.6  12 

3.603 

5.603 

3.603 

4.045 

4.066 

4.C3  1 

3.970 

3.886 

3.795 

3.745 

3.  712 

3.648 

5.6  12 

3.603 

3.6C3 

i.6r5 

4.0U5 

.4  542 

.4558 

.5632 

.6687 

.6960 

•  6650 

.623  1 

.4  79C 

.336  1 

.2772 

.2650 

.2610 

.4354 

145. 51 

196.39 

230.60 

256. 10 

268.26 

276.05 

292.04 

504.06 

314.69 

322.60 

328.48 

1  19. lb 

2  16.82 

240. 36 

262.21 

280.39 

289,47 

295. 5ft 

307.59 

317.20 

324.43 

329.88 

334.04 

212.47 

I.C57 

1.633 

2.948 

5.694 

8.496 

n.375 

22.983 

45.845 

86.986 

1  70.  736 

527.693 

l.OOC 

CCPPCSITICN  SUFflNC  IPCL/ICO  ' 

DM  1 

.  6  703 

.683  1 

.6216 

.4958 

.  3447 

.25HI 

,1997 

.0837 

.0  180 

.0013 

.0000 

.0000 

.605? 

.CC99 

.0I6C 

.0327 

.0510 

.0690 

.078? 

.0840 

.094  1 

.0986 

.0995 

.0995 

.0995 

.0144 

.CCCO 

.CCCO 

.CCCO 

.OCOO 

♦  0000 

•  OCOO 

.OCOO 

.OOCO 

.OOCO 

•  OOCO 

.0000 

.COOO 

.0000 

.1552 

.09  Ifi 

,0466 

.0214 

.0089 

.CC50 

.0032 

.CCC9 

.COCI 

.COCO 

.0000 

.0000 

.  1  127 

.0149 

.036  1 

,  0822 

.  I486 

.721  5 

.2620 

.2892 

.  3433 

.  3742 

.382? 

.3828 

.3829 

.0263 

.25  10 

.  1737 

.  n  34 

.0699 

.0395 

•  0263 

.0  188 

,0065 

.0010 

.0001 

.0000 

.0000 

.  1988 

2.3348 

2.4C4  1 

2.4496 

2.4747 

2.4874 

2.49  12 

2.493  1 

2.4954 

2.4961 

2.496? 

2.4963 

2.4963 

2.3825 

.CCOO 

.CCCC 

.CCCO 

.cooo 

.CCCO 

.CCOO 

.CCCO 

.COCO 

.OOCO 

•  CCCC 

•  OOCO 

.0000 

.0000 

.CCOl 

.0000 

,0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.cooo 

.0000 

•  0000 

.0000 

.0000 

.COUfl 

.0CC3 

,0000 

.0000 

.OCCO 

•  0000 

.cooo 

.OOCC 

.OOCO 

.0000 

.0000 

.0000 

.0009 

.CCOO 

.OCOC 

.OCOO 

.OCOO 

.OOCC 

•  OCCO 

.0000 

•  OOCO 

.0000 

•  OCCO 

•  OOCO 

.0000 

.0000 

.CC07 

.CCCC 

.OCCO 

.OCOO 

.OCCO 

.CCCO 

.OOCO 

.OOCO 

.OCCC 

•  CCCO 

.0000 

.0000 

.0001 

.COCO 

.0000 

.0000 

.0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

•  0000 

.0000 

.0000 

.0000 

.CCOO 

.occc 

.0000 

.OCOO 

.OCCO 

•  COOO 

.COOO 

.OCOO 

.OOCO 

•  OOCO 

•  0000 

.0000 

•  0000 

.CCOl 

.CCCO 

.OCOO 

•  0000 

•  OOCO 

.0000 

.OCOO 

.0000 

.0000 

•  GOOD 

•  OOCO 

.0000 

.0000 

.6240 

.624  1 

.624  1 

•  6241 

.6241 

•  624  1 

.624  1 

.6241 

.624  1 

.624  1 

.6241 

.624  1 

.6241 
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ILCM 


t.cco 

2.CCC 

l.CCO 

k.CCO 

5.CCO 

«.ccc 
r.ccc 
H.CCO 
9.CC0 
to.ccc 
1  I.CCO 
(2.CCC 
I3.CC0 

u.oco 

Ib.OCO 

I6.0C0 

17.0C0 

l«>CCO 

>9.CCO 

2C.CCO 

2I.OCO 

?2.0CO 

23.CCO 

2k.CC0 

2».0CC 

26.0CO 

2r.cco 

2H.CC0 
29.cca 
3C.OCO 
3).OCO 
12. OCO 
13.CC0 
i9.0CC 

i^.eco 
3«.oca 
37. OCO 
3II.CC0 
39.CC0 
90. OCO 
91.000 
92. OCO 
9J.CC0 
99. OCO 
95. OCO 
99.0C0 
97.GC0 
9S.CC0 
99.000 
SO. OCO 
fl.996 


•  c/*  9  9SU  r{99  (hThtlPf 

0((.  K  KC*l/IOOC* 
I.CCC  KCC.OOC  55(!e.9  -30.85 

t.«2C  599.  17»  3t79.2  -97.17 

9.551  109. 703  23«9.«  -»l.9t 

<4.279  «  1.  192  2141.0  -92.9  I 

25.215  19.6592032.4  -99.09 

39.C20  29.199  1999.6  -101.69 

92.eC6  2!.J61  1877.6  -107.25 

52.790  ie.9«3  102  3.  1  -110. 1 1 

62.999  15.006  1777.5  -112.51 

73.5C9  13.605  1730.7  -119.57 

C9.539  I  1.029  1703.  7  -116.  15 

95.759  1C. 993  1672.9  -117.91 

1C7.993  9.107  1695.1  -119.11 

1  19.649  0.  157  l6K‘.r  -120.57 

122.211  7.569  1596.2  -121.72 

195. C26  6.895  1579.5  -122.77 

1S1I.CS2  6.127  1559.2  -121.  73 

171.219  5.89C  1535.1  -129.63 

109.525  5.919  1517.0  -175.96 

197.009  5.053  t5CC.O  -126.79 

211.279  9.731  1961.7  -126.96 

229.670  9.951  1960.2  -127.65 

220. C51  9.201  1953.9  -120.29 

231.990  1.977  1939.1  -120.91 

266.639  3.75C  1925.1  -129.99 

202.000  3.595  1911.7  -130.09 

297.779  3. ISO  I1V0.7  -130.57 

113.600  1.100  1366.1  -131.07 

329.793  2.032  1373.9  -131.55 

196.072  2.090  1362.2  -137.0) 

S62.S06  2.759  1350.0  -112.96 

179.075  2.630  1339.7  -132.00 

395.760  2.527  1329.0  -131.29 

912.591  2.929  1310.5  -133.60 

929. 9C1  2.329  1300.3  -119.05 

996.310  2.29C  1290.9  -139.92 

963. 3C6  7.150  1200.0  -139.77 

900.318  2.002  1279.9  -135.11 

997.355  2.011  1770.2  -135.99 

519. 9C5  1.999  1261.2  -135.75 

511.961  1.002  1252.5  -116.06 

590.519  1.023  1793.9  -136.36 

565.559  1.760  1735.5  -136.65 

502.592  1.716  1227.3  -136.93 

599. 0C9  1.660  1219.5  -137.20 

616.611  1.622  1211.9  -137.97 

633. 9S3  1.577  1203.6  -137.73 

653.560  1.530  M95.8  -137.90 

673.357  1.905  1100.2  -130.22 

693.393  1.992  1100.6  -130.96 

713.520  1.902  1173.3  'I36.7C 

60.096  19.696  1757.3  -M3.S0 


Ci46ltll09 

C  5168  .  5965.2  fl/Stt 
C8  C6L/  I  881  OOlVAC  CClVAC  I  lOA 
C8  OfC  /8  ivi 

.919 

.915  119.1  91.3  .170  210.0 

.606  211.9  37.5  .150  291.6 

.671  211.9  II.)  .511  255.3 

.691  291.6  27. «  .697  791.0 

.9911  251.0  75.9  .8«9  799.5 

.999  757.6  23.0  1.071  796.7 

.909  297.9  22.9  1.199  297.7 

.972  299.9  21.9  1.192  790.2 

.950  299.9  20.0  1.510 

.993  277.7  70.1  1.701 

.929  775.7  19.5  1.070 

.919  277.9  19.0  7.092 

.599  279.9  •«.5  2.710 

.505  201.2  10. 1  2.195 

.571  702.0  17.7  2.571 

.558  209.1  17.9  2.797 

.595  285.9  17. 1  7.921 

.513  289.9  19.8  1.093 

.521  780.1  16.5  1.262 

.510  289.2  16.2  1.970 

.999  290.2  16.0  1.591 

.909  791.1  15.0  1.751 

.979  292.1  15.5  1.907 

.969  292.9  IS.l  9.007 

.960  293.7  15.1  9.260 

.951  299.5  19.9  9.999 

.995  295.1  19.0  9.630 

.915  296.0  19.6  9.810 

.928  296.7  19.9  9.990 

.920  297.1  19.3  5.169 

.913  797.9  19.1  5.390 

.906  790.5  19.0  5.529 

.900  299.1  13.0  5.700 

.399  299.6  13.7  5.079 

.300  300.2  13.5  6.097 

.382  IOC. 7  13.9  6.217 

.577  301.2  13.3  6.186 

.372  301.6  13.2  6.553 

.367  507.1  13.1  6.7)7 

.362  307.5  12.9  6.080 

.355  303.0  12.0  7.090 

.353  .303.9  12.7  7.190 

.399  303.8  12.6  7.355 

.395  309.2  12.5  7.509 

.39)  309.5  12.9  7.661 

.338  309.9  12.3  7.015 

.335  305.3  12.2  7.999 

.332  305.6  12.)  0.172 

.329  306.0  12.0  0.35) 

.327  306.3  12.0  0.530 

.665  260.3  21.2  1.993  260.3 


I  A1  1  91  I  VAC  CF  lEA  C8  VAC 
1CCOO  5C00C  IVl 

710.7  212.7  712.5  1.251  1.219 

295.2  298.1  290.9  1.919  1.995 

257.5  291.9  262.0  1.501  1.597 

269.1  270.1  271.3  1.517  1.597 

760.1  275.7  777.2  1.557  1.6)2 

271.2  279.9  201. 7  1.570  1.650 

271.0  281.2  205.7  1.579  1.679 

279.2  205.9  200.7  1.579  1.697 

275.0  288.1  290.7  I.7II 

775.9  209.9  297.0  1.729 

775.5  291.5  299.7  1.715 

292.9  <99.9  1.795 

799.  t  297.9  1.759 

295.2  799.3  1.762 

296.1  100.5  1.769 

297. C  301.6  1.776 

2V7.T  102.7  1.702 

798.9  101.6  1.786 

299.0  309.5  1.791 

299.5  105. 9  1.796 

100.0  106.2  1.602 

100.5  106.9  I.B07 

300.9  107.6  I.HII 

ICl.l  1C6.3  I.KI5 

101.6  306.9  1.616 

301.9  109.5  1.022 

302.1  3IC.0  1.625 

102.9  310.6  1.820 

107.6  in. I  i.eii 

102.7  311.6  1.019 

102.9  312.0  1.017 

103.0  112.5  1.090 

303.2  312.9  1.092 

103.1  lll.S  1.099 

303.9  313.7  1.897 

303.5  119.)  1.899 

303.6  119.5  1.851 

103.6  119.6  1.053 

303.7  115.1  1.855 

103.7  315.5  1.857 

103.0  315.8  1.659 

303.0  116.1  1.861 

303.9  .116.9  1.663 

3i6.7  1.869 

317.0  1.866 

117.2  1.860 

317.5  1.869 

317.6  1.071 

110.0  1.872 

318.3  1.079 

279.6  207.0  289.5  1.579  1.709 


-SI- 


PR£SSUk£  PkOFlLE  CATA 

SVSTEK  LUOIO  BIPKCPELLAM  PC  jOC  PSIA 


CCPPQNEKT 

TkEF  FORHOLA 

CFKSITV 

HEAT  FORM 

RT 

LEG  K 

uH/f  r. 

(KCAL/FOkP.Wl. 

) 

2<?e  CL»F^ 

1  .no 

-4U.3b 

55 

29b  N2«hU 

1  .OCU 

♦  12. CS 

45 

HLLK  CEKSIIY  *  GH/CC 

klXTCHe  RATIO  =  l•22?  Lb  CXIOIZEK  /  LP  OF  FL6L 


PRESSURE  PROFILE  CATA 


CHAPeEK  EKTRPPY  292.76  fcU/KCGPS 


PRESSL«E»  PSIA 

CFAH8ER 

3CC.0  13*4.7 

60.49 

27.  16 

FROZEN 
14.  70 

EXPANSION 

12.20  5.4  77 

2.46C 

1.  IC4 

.496 

.223 

.  100 

THROAT 

163.3 

1EHP*  CEG  K 

2935.0 

2439.4 

2C 1 7.6 

1659. 1 

142  1.4 

1  355.2 

1098.8 

8P5.C 

7C8.P 

565.  3 

449.9 

350. 1 

2551.4 

ENTPALPV  (-» 

9.46 

32.  73 

52.02 

67.93 

7H.  1  7 

80.97 

9  1.5V 

100.17 

107.06 

1  12.57 

1  16.  V6 

120.44 

27.52 

CP 

.4747 

.4637 

.4505 

.4363 

.4247 

.42  1  3 

.4072 

.  3954 

.  3070 

.381  7 

.  3794 

-  37  7  7 

.4663 

tPPGL  OPT 

142.26 

192.41 

225.53 

244. 4H 

249. ii2 

267.29 

280.91 

291.38 

299.50 

305.81 

310.71 

125.33 

IPPUL  VAC 

223.  12 

24  1.66 

260.22 

271.90 

275.04 

266.68 

295. 77 

302.85 

308.40 

312. 75 

3 16. 15 

221.33 

EPSILON 

1.021 

1.391 

2.173 

5. 1  74 

3.573 

6.02  1 

10.276 

1 7.669 

30.535 

52.999 

92.455 

1.000 

PMESSLREt  PSIA 

3CC.0 

134.7 

60.49 

27.  16 

SHIFTING  EXPANSION 
14.70  12.20  5.477 

?,46C 

1  •  1C4 

.496 

.223 

.ICO 

165,3 

TEPPt  CEG  A 

2935.0 

2517,3 

21  15.6 

1751.  1 

1504.7 

1435.8 

1166.2 

944.0 

758. 1 

606.  3 

484.2 

408.3 

2623.0 

EMPALPY  (-) 

9.46 

33.03 

52.95 

6V.54 

MO. .'6 

63.20 

V4.36 

105.41 

110.70 

1 16.54 

121.21 

124.96 

27.3b 

X  EAR 

5.4S5 

5.4  19 

5.405 

5.402 

5.4C? 

5.4C2 

5.402 

5.4C2 

5.4C2 

5.402 

5.  399 

5.345 

5.425 

K 

5.455 

5.4  19 

5.405 

5.402 

5.402 

5.4C2 

5.4C2 

5.402 

5.4C2 

5.402 

5.399 

5.360 

5.425 

CP 

.6582 

.5435 

•  4743 

.4426 

•  4286 

.4245 

.4096 

.  397  1 

.  3878 

.  3826 

.3885 

18.  1910 

.5669 

IPPUL  OPT 

143.  19 

194.51 

228.62 

246.  16 

253.28 

271.77 

285.88 

296.  77 

305.2  1 

311. 79 

316.98 

124.83 

IPPLL  VAC 

225.55 

245.34 

264.39 

276.49 

279.75 

291.84 

301.30 

308.70 

314.48 

319.04 

322.93 

223.39 

EPSILON 

1.C25 

1.4C9 

2.20B 

3.231 

3.640 

6.  146 

10.513 

18.114 

31.366 

54.576 

99.815 

l.OOC 

28.92  CL 

.02  1  1 

.0070 

.0014 

CCMPCSITION  SHIFTING  (PCL/lOO  OP > 

.0002  .OCCO  .0000  .0000  .0000 

.OOOO 

.0000 

.OOOO 

•  OOOO 

.0097 

-  I3.5C  CL»F 

.CCOO 

.CCOO 

.0000 

.ocoo 

.0000 

.COOO 

.0000 

.0000 

.oooo 

.oooo 

.OOOO 

.  0000 

•  OOOO 

-38.67  CL«F3 

.ccoo 

.OCCO 

.  0000 

.0000 

.0000 

.oooo 

.0000 

.0000 

•  OOCO 

.oooc 

.COCO 

.COOO 

•  OOOC 

-21-97  CL^E 

,  5  7  37 

.5879 

•  5935 

.594  7 

.5749 

.5949 

.5949 

.5949 

.5949 

,5949 

,5949 

.5805 

.5852 

.CC  CL2 

.cooo 

.0000 

.0000 

.0000 

.ooco 

•  OOOO 

.0000 

.0000 

.0000 

•  OOOO 

•  OOOO 

.0000 

.0000 

16.66  F 

.CC06 

.CCC1 

•  oooc 

.ccoo 

.0000 

.0000 

.0000 

.0000 

•  OOCO 

.cooo 

•  OOOO 

•  OOOO 

.000  1 

-64. 5C  F»H 

1. 7640 

1. 7845 

1.7846 

1.7846 

1.7646 

1.7846 

1. 7646 

1.7846 

1 . 7646 

1.7646 

1.  7846 

1 .7846 

1  .  7845 

5fl-6C  F«N 

.ccoo 

.cccc 

.0000 

.CCOO 

.ooco 

.COOO 

.0000 

.0000 

.0000 

.OOOO 

.OOOO 

.0000 

.0000 

-OC  F2 

•  cooo 

.0000 

.0000 

.0000 

•  OCCO 

.OOOO 

.0000 

.0000 

.0000 

•  oooo 

•  OOOO 

.0000 

.0000 

52. TC  F 

.C835 

•  0263 

.0050 

.0005 

.0001 

.0000 

.0000 

.cooo 

.0000 

.0000 

.0000 

.0000 

.0369 

79. 2C  F«N 

•  CCOO 

•  COCC 

.0000 

.ocoo 

•  OOOO 

.0000 

.0000 

.0000 

.0000 

.cooo 

.oooo 

.0000 

•  OOOO 

.CC  F2 

1.5876 

1.6089 

1  .6167 

1.61B3 

1.61P5 

1.6165 

1.6185 

1.6185 

1.6183 

1.61 77 

1.6  136 

1 .5762 

1.6049 

40. 3C  h2»N 

•  0000 

.0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.OOOO 

•  OOOO 

•  OOOO 

.0000 

.0000 

-n.C4  F3»N 

.0001 

•  coco 

.0000 

.0000 

•  OOOO 

.0000 

.0000 

.0001 

•  000? 

.0006 

.0033 

.0139 

.0000 

113. CC  N 

.CCOO 

.ccco 

•  coco 

.ocoo 

•  ooco 

.0000 

•  OOOO 

.0000 

•  OOCO 

.OOOO 

•  OOCO 

.0000 

.0000 

•  OC  N2 

1.4041 

1.4C41 

1 .4041 

1 .404  1 

1.4041 

1.4041 

1.404 1 

1.404 1 

1.404  1 

1.4039 

1.4025 

1 .3900 

1.404  1 

-75.38  CL*H4*N/C 

.0000 

•  oooo 

•  0000 

-oooo 

.COCO 

.0000 

.0000 

.0000 

.0000 

.0000 

•  OOOO 

.0143 

•  OOOO 

-52- 


I 


I 


I 

I 

I 

I 


I 

I 


SVSfEM  licuio  tlfMe^ELLANf 
cecpeNfki  iREF  Fe»i»uiA 
etc  ■ 

2«l  CL*ri 
a«a  N2*HM 

C  STAR 

•SUeN  RC/R  »  RSI*  TERR  i‘(1»«it.R«  CR  C*L/ 

DEC  H  KCRL/iOACR  CR  DEC 
I.CCQ  3CC.GCC  2RSS.0  .«rs 

I.OCC  I.IST  l«S.  il7  2SS1.li  -22. S?  .46* 

2.OC0  10.0(2  29. 7S?  1712.7  -*S.*0  .959 

S.OCO  IE. 719  U.027  I9S9.0  -7E.7E  .*2* 

9.CCQ  29.JE9  1C.2IC  1295. t  -E3.99  .9IE 

5.0CC  91.572  7.21E  MEE.O  *§§.10  .912 

«.CCO  S9.993  5. SOS  ncc.9  -91.53  .907 

7.CCC  <9.591  9.52*  1039.0  *99.22  .909 

E.CCO  eS.CtF  3.S27  979.6  *96.91  .901 

9.CC0  iCI.216  2.969  933.9  *9S.23  .390 

lO.OCO  117.9(7  2.S53  (99. I  *99. 7R  .39* 

1.0CO  135. 9<2  2.215  160.7  -101.13  .399 

I2.0ca  IS9.7T9  l.9S(  (3C.7  *102.31  .393 

S.CCO  179.717  1.717  803.9  *103.36  .391 

J9.QCC  195.111  I.S3l>  779.0  -IC9.3C  .390 

is.ceo  2IS.«C1  1.390  758.1  -105.15  .389 

I6.CC0  2*6. 6(C  1.26(  738.3  *105.92  .380 

..OCC  257. 6CS  1.165  720.1  -106.42  .387 

K.CCC  279.926  1.079  7C3.3  -107.27  .387 

.9.0CO  3CS.367  .989  687.1  -107.87  .38* 

IC.CCO  327. 9C0  .915  671.9  -108.93  .18* 

1.0CO  352.99/  .(50  **0.0  -106.99  .385 

2.0C0  378.932  .793  *97.5  -109.93  .385 

'3.CC0  909.2(1  .792  635.7  -IC9.88  .389 

>9.CC0  930.939  .697  629.6  -MC.3C  .189 

7S.OCO  956. 7<(  .657  619.1  *110.71  .383 

..OCO  9(3.396  .621  *09.2  -111.08  .183 

7.CC0  S10.026  .588  599.9  -111.99  .383 

'(.CCO  536.796  .559  586.0  -111.76  .382 

'9. OCO  563.629  .532  577.6  *112.10  .382 

to. CCO  590. 5C9  .506  569.5  -112.91  .382 

I.OCO  618.(53  .9(5  561.8  -112.71  .382 

12. OCO  699. 3C1  .962  559.5  -112.99  .381  300. 

13. CCO  6(0. CCS  .991  597.9  -113.25  .l8l  300.1 

...CCO  711.233  .923  $90.7  -113.51  .381  300.1 

•5.000  792.(51  .909  539.2  -113.74  .l8l  301.: 

16. CCO  779  .(29  .3(7  528.0  -113.99  .381  SOI. I 

7. OCO  CC7.IJ9  .372  522.  1  -1  19.22  .381  301.1 

(.CCO  (39.  739  .  357  5  16.  1  -119.99  .381  302.; 

J9.0C0  (72.599  .399  510.6  -1)9. *5  .380  302.1 

•C.OCO  9C5.7C0  .331  5C5.5  -119.85  .380  102.1 

...OCO  939. CCO  .319  500.3  *115.05  .380  303.1 

I2.0C0  972.997  .308  995.9  *115.29  .180  303.: 

S.OCO  ICO*. 192  .298  990.6  *115.92  .380  303.1 

-9. CCO  IC39.920  .288  985.9  *115.60  .380  303.1 

iS.CCO  IC73.(IG  .279  981.9  .115.77  .180  309.1 

6. OCO  11C7.793  .27)  977.0  *1)5.93  .180  309. i 

7. OCO  1191.851  .261  972.8  -It*. 09  .380  309.1 

lE.CCO  1175.971  .255  968.7  *116.25  .380  309.1 

J9.0CO  1210.190  .298  969.1  -It*. 90  .380  305. < 

to. CCO  1299.350  .291  960.4  -116.55  .180  305.; 

3.179  20.919  19.696  1921.9  -/e.ll  .925  299.1 


IKCiL/RIMIH.HT. 

*99.35 

*12.05 


6M/CC 
1.81 
1.009 
(IR6I1SI86 
*  5*73.1  7f/5fC 

0»T  OELVIC  C61V6C  I  SE6  I  «T  1  6T  1  V6C 
/R  LVl  ICOOO  5000C 


221. 

292. 

251. 

2*1. 

2*7. 

27). 

2/5. 

277. 

28C. 

282. 

2(9. 

285. 

287. 

288. 

289. 

290. 

291. 

292. 

293. 
299. 
299. 
295. 
29*. 
29*. 
29/. 

297. 
291. 

298. 

299. 
299. 


96.0 


.7  1C 
.9  10 
.)  II 
.6  I) 
.6  12 
.9  13 
.  I  13 
.9  19 
.8  19 

.6  15 

.9  16 

.3  16 
.1  17 
.0  17 
.8  18 
.7  )8 
.6  19 
.5  20 
.9  20 
.3  21 
.2  21 
.)  22 
.0  23 
.9  23 
.1  29 
.7  29 
.6  25 
.5  26 
.5  26 
.9  27 
.3  27 
.3  2( 
.2  2( 
.1  29 


588 
2  10 
767 
357 
9S7 
528 
169 
760 
195 
895 
989 
109 
722 
329 
9  1 1 
979 
029 
591 
210 
(29 
995 
058 
6*5 
265 
856 

938 
010 
572 
123 
6*9 
236 
859 
973 
091 
709 
325 

939 
550 
15* 
7*1 
3*9 
960 
55) 
137 
717 
292 
861 
925 
982 
539 
866 


212.7  215.3 

239.6  299.9 

299.9  253.2 


220.3 

255.3 

267.3 

273.8 

277.9 
280.6 

282.9 
283.7 

289.6 

285.3 

285.7 

285.9 
285. 


299.5  252.7  268.7 


221.3 
257.9 
270.  3 

277.8 

282.9 
28*.* 

289.5 

291.8 

293.7 

295.9 

296.8 
298.0 
299.  I 
300.0 

300.9 

301.7 

302.6 
303.  I 
iOS.  7 

309.2 

309.8 

305.2 
305.  / 
3C6.  I 

306.5 

306.9 

307.3 

307.6 

307.9 
308.2 

308.5 

308.8 
309.  1 
309.  5 

309.6 

309.8 
ilO.O 
3)0.  } 
310.5 

310.7 

310.9 
31  ).0 
3)1.2 

311.9 
3)  1.6 

311.7 
3)1.9 
3)2.0 
3)2.2 
3)2.3 

271.9 


1.20* 

1.359 

1.3(6 


1.255 
1.959 
1.535 
1.576 
1.609 
1.625 
1.692 
1.655 
1.666 
1.675 
1.683 
1.690 
1.696 
1.701 
1.706 
1.71  I 
1.7)5 
1.719 
1.722 
1.725 
1.728 
1.731 
1.719 
1.736 
)./S8 
1.790 
1.792 
1.799 
1.796 
1.798 

1.750 

1.751 
1.753 
1.759 
I.  756 
)./57 

1.758 

1.759 

1.761 

1.762 

1.763 
1.766 

1.765 

1.766 
1.76/ 

1.768 

1.769 
1.7/0 

1.770 

1.771 
1.592 


I 

I 

I 

I 

I 

I 

I 


TERR  (hfHRlRT 
OEC  6  KC6l/ie06R 


SHI/flMC  CXR6NSI9N 
c  516*  •  5756.2  Rt/SCC 
CR  C«i/  1  OR*  0C(.W6C  CEiV6C  I  SE6 


129.0 

223.3 

299.8 

257.1 
2*5.2 
271.0 

275.6 

279.2 

282.2 

289.7 

286.9 

288.8 

290.5 
292.0 

293.3 

299.5 

295.6 

296.7 

297.6 

298.5 
299.  3 
500.0 

300.7 

301.9 
302.0 

302.6 

503.1 

303.6 

506.1 

309.6 
305.0 
305.5 

305.9 

306.3 

306.7 
307.0 

307.9 

307.7 
300.0 


2)9.6 

292.7 

291.0 


217.3 

290.2 

255.9 

257.6 


12.3  10.109 
12.0  10.76) 

11.7  11.358 
n.9  11.906 

11. 1  12.6)3 
10.9  13.237 

10.7  I*. 856 
10.5  19.669 

10.3  15.075 

10.1  15.672 

9.9  16.259 
9.0  16.856 

9.6  17.606 

9.5  17.961 
9.3  18.508 

9.2  19.101 

9.1  19.725 

8.9  20.360 

8.8  70.976 

8.7  21.598 

0.6  22.22) 

8.5  22.862 

8.6  23.6*0 

8.3  26.0TT 

8.2  29.600 

8.1  25.209 
8.0  25.909 
8.0  26.505 

7.9  27.102 

7.1  27.409 

7.7  28.280 
7.7  28.8*) 
7.6  20.637 
7.5  30.008 

28.3  1.027 


222.9 
258.7 
271.3 

278.1 

282.9 

285.2 

287.2 
288.6 
289.6 

290.3 
290.0 
201.0 
201.1 


290.2  256.7  273.2 


223.9 

2*0.8 

276.9 
282.2 
287.5 


29*. 8 
208.8 

300.5 
302.0 

305.3 

306.9 

305.9 

304.3 

307.2 

307.9 

308.6 

309.3 

300.9 

310.9 

310.9 

311.9 
311.0 

312.3 

312.7 
313.0 

313.9 

313.7 
316.) 

316.9 

316.7 

316.9 
315.2 
3)5.5 
3)5.7 
3)4.0 
31*. 2 

314.9 
31*. 6 
3)8.8 
317.0 
3)7.2 

317.9 

317.6 

317.7 

317.9 

318.1 

310.2 

310.9 
276.5 


1.299 

1.357 

1.386 


1.200 

1.950 

).S3i 

1.577 

).607 

1.629 

1.695 

1.659 

1.670 

1.680 

1.688 

1.695 

1.702 

1.707 

1.7) 2 

1.7) 7 
1.721 
1.725 
1.729 
1.732 
I./S5 
1.738 
1.791 
1.793 
1.795 
1.798 
1.750 
1.752 
1.759 
1.755 
1.757 

1.759 

1.760 
1.7*2 
1.763 
1.765 
).766 
1.767 
).769 

1.770 

1.771 

1.772 

1.773 
1.779 

1.775 

1.776 
I.T77 

1.778 

1.779 

1.780 
1.595 


I 


I 


PRESSURE 

SYSTEM  LttLlO  BIPROPELLANT 
COMPONENT  TREf  FORMULA 
CEO  K 

29B  CL»F3 
2Vb  N2*hU 


PROFILE  CATA 
PC  300  PSIA 

LEKSlfy  MEAT  FORM  hT. 

CM/CC  (KCAL/FORM.KT. ) 

l.b80  '*4*4. 3b  6S. 

1.004  ♦12.0b  3b. 


0/0 


faULK  CkNSlfV  =  CM/CC 

MlXTLRE  RAflC  =  l.flbT  LB  CXICUER  /  LB  OF  FUEL 


PRESSUME  PKCFILE  CATA 
CHAMBER  ENTROPY  ?6V.**9  Ell/IOOCMS 


ChAMBER 


THROAT 


FROZEN  EXPAKSICK 


PNESSLREt 

PSIA 

3CC.0 

134.7 

60.49 

27.  16 

14. 7C 

12.20 

5. **77 

2.460 

1.  104 

.496 

.223 

.  too 

165.3 

TEMP,  OEG 

K 

3391.2 

26)6.2 

2329.  1 

1916.6 

1643.8 

1567.9 

1273. 7 

1027.4 

823.2 

656.  5 

52  1.6 

4  15. B 

2945.7 

enthalpy  I 

1-) 

ie.02 

41.62 

6  1  .b6 

77.85 

H«.  3  3 

91.20 

1C2.  10 

1 10.92 

1  18.01 

123.66 

128.  19 

131.77 

36.51 

CP 

.4  1  76 

.4C97 

.4000 

.3691 

.  5795 

.  5768 

.  5636 

.  352  3 

.  3426 

.336  7 

.3332 

.3317 

.4117 

IRPLL  OPT 

143.91 

194.62 

228.  13 

247. 52 

252.3? 

270.46 

284. 2H 

294.93 

503.  18 

309.59 

314.58 

126. Rl 

IMPLL  VAC 

22S.69 

244.63 

263.24 

2  75.C9 

27R.29 

29C.  14 

299.  5B 

306.60 

312.23 

316.63 

320.08 

223.88 

EPSILON 

1.021 

1.39) 

2.  1  74 

3.  179 

5.581 

6.C44 

10.329 

1 7. 766 

50.687 

53.183 

92.475 

l.COC 

SHIFTING  EXPANSION 


PKESSLRE,  PSIA 

3CC.0 

1  54.  7 

60.49 

27.  16 

14.70 

12.20 

5.477 

2.460 

1.  IC4 

.496 

.223 

.  inn 

168.  1 

TEMP, 

OEG  K 

3391.2 

2998.2 

26 IC.5 

2222.3 

1954.7 

1851.5 

1522.6 

1241.6 

1005.5 

808.5 

647.0 

516. 2 

3105.  r 

ENTHALPY  (-) 

16.02 

42.39 

63.53 

81.59 

95.48 

96.76 

109.30 

1  19.57 

127.91 

1 34.64 

140. C5 

144.36 

35.99 

X  BAR 

4.634 

4.76  1 

4.715 

4.690 

4.664 

4.683 

4.662 

4.662 

4.6E2 

4.682 

4.662 

4.662 

4.779 

N 

4.6  54 

4.76  1 

4.  715 

4.690 

4.684 

4.6H3 

4.6B2 

4.662 

4.682 

4.6H? 

4.6t? 

4.6H2 

4.779 

CP 

.6  105 

.6725 

.5376 

.  4396 

.4001 

.3925 

.3  726 

.3585 

•  34  7  1 

.3376 

.3317 

.  3268 

.7120 

IMPLL 

OPT 

145.61 

198.97 

235.  1  7 

256.21 

261.7? 

281.79 

297.22 

309.  19 

315.52 

325.61 

531.55 

125.04 

IMPLL 

VAC 

230.37 

252.43 

2/3.49 

286.79 

290. 57 

305.66 

5  14.15 

322.35 

328.79 

353.65 

537.83 

227.66 

EPSILC 

N 

1.030 

1.447 

2.310 

5.407 

5.  BUS 

6.539 

1  1.259 

19.515 

33.928 

59. 1  10 

103.209 

I.OOU 

COMPOSITION  SHIFTING  IMCl/tCO  GM 1 

26-92 

CL 

.  1049 

.056  1 

.02  57 

.0060 

.0014 

.0008 

.0001 

.OCOO 

.0000 

•  CCOO 

.0000 

.  0000 

.0701 

-13. 5C 

CL«F 

.CCOO 

.COCO 

.OCCO 

.0000 

.0000 

.CCOO 

.CCCC 

.rooo 

.coco 

•  COOC 

.OOLO 

.OOCO 

.0000 

-78.67 

CL«F3 

.COCO 

.COCO 

.COCO 

.0000 

♦  0000 

.0000 

.0000 

.0000 

•  0000 

.0000 

.0000 

.0000 

•  0000 

-21.97 

CL*H 

.5978 

.6446 

.6  792 

.6970 

.7017 

.7022 

.7030 

.  7050 

.  7030 

.7030 

.  7030 

.  7050 

•  632a 

.CC 

CL2 

.0002 

.OCCl 

.  OCOO 

.0000 

•  ooco 

.0000 

.COCO 

.0000 

.OCOO 

.OOCO 

.OOCO 

•  OOCO 

.0001 

16.66 

F 

.0070 

.00  19 

.0003 

.OCOO 

.0000 

•  COCO 

.OCOO 

.ooco 

.OOCO 

.COCO 

•  OCOO 

.0000 

.0028 

-64.50 

F»H 

2.  1021 

2.107? 

2.  ICHM 

2.  1091 

2.1091 

2.  109  1 

2,10V1 

2. lOV 1 

2.109  1 

2.  109  1 

2.  1091 

2. 1091 

2.  1063 

58.60 

F«N 

.COCO 

•  CCOO 

.CCOO 

.0000 

•  OCCO 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.CC 

F2 

•  CCOO 

.0000 

.OCOO 

.0000 

.0000 

.0000 

.CCOO 

•  OOCO 

.ooco 

.0000 

.OOCO 

.0000 

.0000 

52.  1C 

H 

.  1906 

.0982 

.  0375 

.0089 

.0019 

•  COI  1 

.000  1 

.0000 

.ooco 

.OOCO 

.0000 

.ooco 

.  1208 

79.20 

F  •N 

.000  1 

.COCO 

.0000 

.0000 

.OCOO 

.0000 

.0000 

.0000 

.0000 

.0000 

•  0000 

.0000 

.0000 

.00 

H2 

.  7389 

.7591 

.7715 

.  7767 

.7/79 

•  7780 

.  7782 

.  7782 

.  7782 

.  778  1 

.7781 

.  7778 

.7543 

4G.3C 

H2*N 

.0000 

.0000 

.0000 

.OCOO 

•  OOCO 

.0000 

.CCOO 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

-  n.  04 

H3»N 

.CCOO 

•  COCO 

•  OCOO 

.0000 

.0000 

.COCO 

.0000 

.ooco 

.coco 

•  0000 

.ooco 

.0002 

.0000 

113.00 

N 

.0001 

•  cccc 

•  OCCO 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.  0000 

.0000 

.0000 

.00 

N2 

1.0920 

1.092  1 

1.09?) 

1.0921 

1.0921 

1.092  1 

1.092  1 

1.0921 

1.0921 

1.092  1 

1.0921 

1  .0920 

1.092  1 

-54- 


I.COO 

7.0C0 

s.cco 

H.CCO 

5.000 

«.oco 

T.CCO 

«.CCC 

9.000 

lO.CCO 

n.cco 

I3.CC0 

IJ.OQG 

Ih.OCO 

ts.cco 

u.cec 

w.coo 

Ifl.CCO 

19.000 

30. oca 

31.000 
32.000 
33.000 
39.000 
35.000 
39.000 
3T.OOO 
3O.C0C 
39.000 
10.000 
It. 000 
33.000 
33.000 
39.0C0 
35.000 
3*. COO 
33.000 
30.(00 
39.000 
•O.OCO 
91.000 
92.000 
•3.0CU 
99.000 
95.000 
99.000 
9T.CCC 
91.000 
99. coo 
30.000 
3. 1?9 


9C/9 

I.COO 

I.Oif 

to. oil 

10.975 
39.29« 
91.397 
59.199 
90. CCS 
09.977 
ICO. 500 
119. 455 
139.393 
153.995 
173.397 
193.509 
319.033 
339.790 
255.930 
377.097 
300.09  I 
335.1(3 
350.099 
375.337 
90 1.092 
937.039 
951.370 
979. *99 
5C9.393 

533.939 
559. *03 
509. *(9 
919.375 
499.997 
675.000 
709.  199 
73 7. *09 

799.939 
OC  I.599 
039.Q3I 
099.013 
099.003 
931.011 
999.911 
999. 97( 

1033.9(9 
1097.539 
1 10  1.9(3 
1 135.9(9 
1 199. 3(( 
I3C3.790 
1337.939 
30.919 


OOC 
295 
799 
045 
350 
.353 
.535 
.355 
.551 
905 
.573 
.333 
.959 
.731 
.350 
.903 
.37( 
.179 
.003 
.997 
.923 
.057 
.79i 
.79( 
.703 
.993 
.935 
.593 
.391 
.539 
.513 
.90( 
.999 
.999 
.925 
.90  7 
.390 
.179 
.190 
.399 
.333 
.333 
.310 
.300 
.390 
.301 
.273 
.299 
.357 
.399 
.393 
19.999 


5VSICM  LtCUlO  OlOOOOCliOMl 
Cfl|iOeNf9T  1010  FMMUiA 

CiC  K  Cff/CC 

390  CL«03  1.000 

290  N2*N9  1.009 

rootcii  (lOANSioM 
C  5790  •  5737. T  OT/StC 
T(l<0  I41HA10V  CO  C4L/  1  007  OCLVAC  CCLVAC 
OtC  K  RCAl/tOOOO  CO  U(C  /O 

3391.2  -10.02  .910 

2995.7  -34.51  .912 

.391 
.3«t 
.579 
.340 


1970.5 
UI2.2 
15CC.5 
1313. 3 

1377.9 
1201. 1 
nso.A 

1009. 0 

1090.9 

1001.5 

999.7 

935.4 

907.7 
002.5 
059.9 
OiO.3 
010.0 
000.7 
7«3.9 

740. 5 

753.4 

739.9 

724.9 

719.7 

703.2 

492.2 

401.9 
472.0 

442.4 

453.4 
495.0 
434.0 

420.9 

421.3 
419.0 
407.  I 
4C0.3 
593.0 

507.4 

501.4 

575.7 

570. 1 

599.4 

559.9 

559.3 

599.1 

599.5 
539.0 

545.3 
1493.0 


75.99 
-•4.01 
-93.73 
-90.95 
-Ut.97 
-109.73 
-104. 97 
-100.05 
-110.99 

-in. 03 
-113.05 
-119.13 

-ns. 10 

-115.97 
-114.77 
-117.99 
-110*19 
-110.70 
-119.34 
-119.09 
-120.39 
-120.04 
-121.29 
-121.71 
-122.10 
-122.91 
-122.02 
-123.15 
-123.97 
-121.  77 
-129.04 
-129.39 
-129.40 
-129.04 
-125. 1C 
-125.19 
•125.59 
-125.76 
-125.99 
-129. 19 
-129.19 
-129.17 
•124. 79 
-•/•.93 
-127. 1C 
-127.27 
•127.93 
-127.59 
-127.79 
-90.33 


.340 
.357 
.355 
.353 
.351 
.399 
.394 
.397 
.395 
.399 
.393 
.393 
.392 
.  391 
.391 
.390 
.390 
.339 
.339 
.130 
.330 
.530 
.337 
.337 
.337 
.334 
.334 
.334 
.334 
.345 
.335 
.335 
.335 
.435 
.335 
.339 
.349 
.339 
.339 
.339 
.339 
.339 
.339 
.339 
.379 


124.0 

223.9 

299.7 

259.7 
249.5 

270.2 

279.7 

279.2 

201.1 

203.4 

205.7 

207.5 

209.2 

290.4 

291.9 

293.1 

299.2 

295.2 
294.  I 

294.9 

297.7 

290.9 

299.1 

299.7 

300.3 

300.9 

301.9 

301.9 

302.9 

302.9 

303.3 

303.7 
309.  I 

309.5 

309.9 

305.2 

305.5 

305.9 

304.2 

304.5 
304.0 
307.0 

307.3 

307.4 
307.0 
30e.l 
lot.  3 

306.5 

306.7 

306.9 
297.3 


97.  I 

34.9 

20.7 

29.9 

21.7 
19.0 
It.S 
17.  I 
14.1 

15.3 

19.4 
19.0 

13.5 
13.0 
12.4 
12.3 


.599 

1.229 

1.707 

2.303 

2.990 

3.540 
9.195 
9.119 
5.904 
5.949 

4.540 
7.107 
7.007 
6.91/ 
9.011 
9. lot 


<KC4L/7«IH.Ht. 

-99.35 

*12.05 


215.1  217.6 

292.3  297.1 

297.2  255.1 


n.9  IC.I94 
n.4  10.70/ 
n.3  11.333 
n.o  11.950 
10.0  12.502 
10.4  13.202 

10.3  li.ou 

le.l  19.929 
9.9  15.023 
9.0  15.413 
9.4  14.193 

9.9  14.742 

9.3  17.321 

9.1  17. 070 
9.0  10.937 
0.9  19.042 
0.7  19.407 
0.4  2C.3I2 
0.5  2C.937 
0.9  21.540 
0.3  22.101 
0.2  22.000 
0.  I  21.915 
0.0  29.027 

7.9  29.435 
7.0  25.239 
7.0  25.037 
7.7  24.931 

7.4  27.019 

7.5  27.401 
7.9  26.170 
7.9  26.799 
7.3  29.319 

7.2  29.173 
27.0  1.090 


201.1 
203.9 
205.0 
207.  1 


1.200 

1.359 

1.304 


204.2 
290.0 
292.9 

295.3 


297.3  251.7 


209.9  302.7 

303.7 

309.5 

305.3 
J04.  1 
304.0 
107.9 

107.9 

300.5 
309.0 

109.9 

309.9 

310.3 

310.7 

in.o 

311.9 

311.7 

112.0 

112.3 

112.4 

312.9 
111.  I 

113.9 

313.4 
313.0 
319.  I 
319.3 

319.5 

319.7 

319.9 

515.1 

315.2 
3)5.9 
315.0 

315.7 

315.9 
314.0 

114.2 
27  1.9  275.) 


1.255 

1.940 

1.115 

1.574 

1.405 

1.424 

1.493 

1.454 

1.447 

1.474 

1.409 

1.491 

1.497 

1.703 

1.700 

1.712 
1.714 
1.720 

1.729 
1.727 

1.730 
1.733 
1.735 
1.730 
1.790 
1.792 
1.799 
1.794 
1.790 
1.750 
1.711 

1.713 
1.759 
1.754 
1.757 
1.759 

1.740 

1.741 

1.742 

1.743 
1.741 

1.744 
1.747 
1.740 
1.749 
1.770 
1.770 
1.77) 

1.772 

1.773 
1.593 


t.oco 
2. coo 

3.000 
9.0G0 
5.000 
4. OOC 
7. COO 
t.GOO 
9.0C0 
10. COO 

n.cco 

12.000 

13.000 

I9.0C0 

15.000 

14.000 

n.cco 
10. coo 
I9.0CO 
20.000 
2t.0GC 
22.000 
23.000 
29.000 

2S.cce 
2O.CG0 
27. COO 
20. COO 
29.0C0 
30.0CC 
31.000 
32.000 
S3.0C0 
39.CC0 
35.CC0 
30.000 
37.000 
30.000 
39.0C0 
90.000 
9I.0C0 
92.000 
93.CC0 
99.000 
95.000 
94.0C0 
97.CC0 
9B.GOO 
99.0C0 
5C.0C0 
3.9C7 


9C// 

i.oeo 

1.7(1 
9.291 
19.(20 
24.192 
34.(99 
96.111 
90. («1 
79.931 
(6.919 
IC3.139 
116.179 
139.336 
151.5(1 
199.313 
167.101 
2C5.929 
229.529 

293.219 

291.999 
261.811 

303.219 
325.  ICS 
397.3(1 
170.023 
392.969 
919.  171 
939.1(9 
943. 174 
904.697 
510.721 

539.929 

556.565 

562.599 

909.629 
431.960 
690.909 
960.971 
7)9.361 
799.569 
773.012 
eCt.639 

630.630 
090.093 
009.939 
919.09/ 
990.799 

970.999 
10CI.7I9 
1010.695 
IC99.07) 

20.919 


172 


I  t(6P  (hlX4(.PV 
OfC  K  KC40/IOOC4 
I  1391.2 


5H|/TtN4  (IPOHIION 
C  1194  •  5099.1  fl/icc 
CP  C4l/  I  9Pt  OflV4C  C(iV4C  i  1C4 


2.139 

2.233 
1.979 
1.771 
1.90C 
1.957 
1.119 

1.233 
1.195 
1.099 

.969 

.923 

.699 

.611 

.763 

.721 

.962 

.996 

.919 

.567 

.191 

.137 

.111 

.999 

.973 

.959 

.939 

.919 

.903 

.SOI 

.379 

.391 

.399 

.337 

.329 

.319 

.307 

.297 

.209 

.201 

19.999 


-10.02 
-55.99 
•79.06 
-09.03 
-97.79 
-IC$.32 
-IC7.95 

•  no. 71 

-III.  S« 
-115.41 
-117.52 
-119.17 
-120.43 
-121.95 
•123.09 
•129. 15 

•  125.  n 
-125.99 
-124.00 
-U7.59 
•120.29 
•120.09 
-129. 5C 
-130.0? 
-130.40 
-131.11 
-131.59 
•112.09 
-132.97 
-132.00 
-U5.27 
-133.49 
•1J9.0C 
-139.39 
-  139.47 
•139.90 
•135.20 
-135.57 
-135.05 
•134.12 
-134.37 
-134.42 

.  -134.07 

735.9  -137.IC 
720.7  -137.33 
-137.59 
•137.74 
•137.94 
-130.  19 
-130.34 
-130.59 
-93.90 


3IC5.7 

2331.2 

2025.9 

1625.1 

1401.7 

1572.1 
Uf9.5 
Ut?.5 

1351.2 

1290.4 

1252.7 
121  1.9 

1175. 5 

1192.7 

1112.0 

1005.5 

1040.9 

1037. 5 

1011.0 

995.7 

974.9 
959.  3 

992.7 
927.) 

912.9 
090.9 
065.1 
072.5 

640.5 
099.0 
036.0 
027.1 
017.5 
007.0 

790.5 

769.4 
701.0 

772.7 
749.0 

757.1 

799.4 
7*2.4 


T22.t 

715.0 

709.4 

703.4 
*97.0 
•  92.2 

1939.7 


C*  OOC 
.010 
.712 
.942 
.910 
.390 
.301 
.375 
.371 
.347 
.549 
.341 
.559 
.357 
.355 
.359 
.352 
.351 
.550 
.399 
.390 
.397 
.394 
.395 

.399 

.393 

.392 

.397 

.391 

.391 

.390 

.319 

.339 

.330 

.330 

.330 

.337 

.337 

.334 

.334 

.334 

.334 

.535 

.335 

.335 

.539 

.339 

.339 

.339 

.339 

.533 

.333 

.900 


125.0 

724.0 

750.0 

243.9 

272.9 

276.9 
269.0 
266.0 

291.9 

799.2 

294.4 

296.6 

300.7 

302.3 

303.9 

505.2 

304.5 

307.4 

300.7 

309.7 

510.4 
sn.9 

312.2 
313.0 

513.7 

319.1 
315.0 

315.5 

314.1 

314.4 

317.2 

317.4 

310.1 

310.4 
319.0 

319.9 
319.0 

320.2 

320.5 

320.9 

371.2 

321.5 

321.9 

322.7 

322.5 
322.7 
323.0 

323.3 

323.4 
323.0 
254.2 


102.4 

91.1 

32.0 

20.0 

25.0 

22.0 

21.7 

19.0 

10.0 

17.9 
17.  I 

14.9 
15.0 
15.3 
19.0 

19.9 


/P 

.411 
1.245 
1.639 
2.999 
3.070 
•.4T9 
9.291 
9.935 
5.549 
9.145 
4.733 
7.357 
7.995 
8.439 
9.243 
9.000 
U.O  10.900 

15. 4  11.049 

15. 3  11.431 
13.0  12.220 

12.7  12.670 

12.5  11.512 

12.2  19.152 
12.0  19.709 
n.o  15.921 

11.4  19.097 
n.9  19.447 
n.2  17.270 
n.o  17.001 

10.9  19.975 

10.7  19.05V 

10.5  19.435 
10.9  20.201 

10.3  20.749 
10.  I  21.905 
10.0  22.094 

9.9  22.400 
9.0  23.329 
9.7  23.970 
9.5  29.409 
9.9  25.294 
9.3  25.001 
9.2  24.513 
9.2  27.193 
9,1  27.740 
9.0  20.390 
0.9  29.000 
0.0  29.421 
0.7  30.229 
0.7  30.033 

30.4  2.001 


216.7 

2h9.2 

215./ 


221.9 
219.1 

243.9 

244.9 


224. 

245. 

279. 

247. 

292. 

295. 

29T. 

79V. 

300. 

SOI, 

302. 

302. 

302. 

302, 


254.2  241.9  203.2 


4  227. 

7  247. 
4  262. 

3  79). 

2  297. 

1  501. 

6  305. 
1  307. 

7  DC. 

4  3)2. 


514.' 

317.1 
310. 

319.  < 

320. ' 

321. 

322.  < 

172. 

173. 

323. 

129.1 
325. < 

325. 1 
325.' 
324.. 

324.1 
327. 
327.' 

327.1 
320.: 
320.' 

320.1 
329. 

329.1 
329. 

329. ' 

330. : 

330.1 
ISO. 

330. ' 

331. 
3.11. 
331. 
331. 

331. ' 

332. 
132. 
332. 

204.1 


1.293 

1.341 

1.394 


1.199 
1.942 
1.599 
1.591 
1.423 
1.497 
1.444 
I  .46) 
1.693 

1.709 

1.713 

1.721 

1.720 

1.739 

1.790 

1.795 

1.799 

1.759 

1.750 

1.741 

1.745 

1.746 
1.771 

1.779 
1.774 

1.779 
I.7BI 
1.709 
1.704 
1.700 
I.  790 
1.79) 
1.793 
1.795 
1.797 
1.790 
1.000 
l.iOl 
1.002 
1.009 
1.605 
1.004 
1.607 
1.009 
1.010 
).«n 
1.612 
1.613 
1.019 
1.015 
1.545 


PRESSURE  PkOEiLt  CATA 

SYSIfP  LILLIC  BIPROPELLAM  PC  30C  PSIA 


COPPCNEM  TKEf  FOKPULA 

CEKSI Ty 

HEAT  FORM 

hf 

LEO  K 

OP/CC 

(KCAL/FORP.WT. 

) 

SYSTEP  LItUlC  HIPROPELLANT 

PC  300  PSIA 

29H  CL»F3 

1  .»80 

-OX.  3:> 

TO 

296  K2«HU 

l.CCM 

♦ 

30 

bLLK  C6NSITY  =  1-^90  GH/CC 

PlXtCRE  RATIO  *  ?.33i  LB  0X1OI2EK  /  LH  OF  FUEL 


PRESSURE  PROFILE  CATA 
CHAPeEK  EMRCPY  ?S6./I  EU/IOLLPS 


ChAPBER 


THROAT 


FkOZEK  fcXPAKSlCK 


PRfcSSLRE, 

PSIA 

3CO.O 

134.  F 

60.49 

27.16 

14.70 

12.20 

5.4  7  7 

2.460 

1.  1C4 

.496 

.223 

.  100 

163. A 

TEPP,  OEG 

K 

!6C2,8 

?9e<i.‘i 

2465.2 

2025.5 

1  735.5 

1654.6 

1 343. t 

1CP2.? 

B66.2 

669.7 

547.2 

4  3  5.3 

3125.3 

ENThALPY  1 

-  I 

22.  30 

46.06 

65 , 72 

HI. 91 

92.3? 

95.  I  7 

105. Vo 

1 14. T2 

121.74 

127.34 

131.60 

135,35 

40. T5 

CP 

.3662 

.36  10 

.  3/2H 

•  3630 

.5546 

.3521 

.  3400 

.  3297 

.  52C5 

.3145 

.31  1C 

.3093 

.  3630 

IPPLL  CPT 

143. 76 

194.  35 

227.72 

246.6  1 

251. 79 

269.6  1 

2H3.55 

294.  12 

3C2.30 

30a.6U 

313. 5H 

126. 70 

IPPOL  VAC 

22S. 3B 

244.  )H 

262.67 

274.44 

277.6  1 

2H9.57 

296.55 

305.69 

311.26 

315.61 

319.01 

223.62 

EPSILON 

1.C21 

1.366 

2.  I6K 

5.  167 

3.567 

6.016 

10.272 

1 7.652 

30.453 

52.6V5 

91.459 

1.00U 

SHIP  f IKO  exPAKSlCK 


PRESSLRE, 

PSIA 

3CC.0 

134.7 

60.49 

27,16 

14.70 

12.20 

5.477 

2,460 

1.  IC4 

.496 

,223 

.100 

169.  5 

T£PP»  CEC 

K 

36C3.e 

322  1  .C 

2854.0 

2487, H 

2202.6 

21 16.4 

1 759.6 

1444.0 

1175.5 

949.8 

762.6 

609,6 

3328. 0 

ektealpy  I 

1-  1 

22.30 

46.  73 

66.  1  1 

H6.69 

99.  12 

102.58 

1  15.90 

126,88 

1 35.87 

143,15 

149.02 

153. 72 

40.08 

X  EAR 

4.545 

4.46  1 

4.  394 

4.350 

4.5.32 

4.329 

4.32  3 

4. 323 

4.32  3 

4.323 

4.323 

4.322 

4.483 

N 

4.545 

4.46  1 

4.  394 

4.5SO 

4.332 

4.329 

4,323 

4, 323 

4.32.3 

4.323 

4,323 

4.  322 

4.483 

CP 

.6850 

.7645 

.6297 

.4967 

.4184 

•  UC15 

.3582 

.5405 

.  32E3 

.3178 

.3098 

.3051 

.B003 

IPPLL  OPT 

145. 78 

199.63 

236.68 

25P.5  1 

264.27 

285.55 

301.64 

314.32 

324.24 

352.0? 

338.  12 

124.56 

IPPLL  VAC 

230. 9fe 

253.94 

276.21 

290.42 

294.24 

308.40 

319.5? 

i?rt.29 

335  .  1  9 

340.6  1 

344.86 

22R.08 

EPSILCN 

I.C3? 

1.465 

2.375 

5.544 

4.0  10 

6.868 

11,875 

2C,651 

36.C26 

62.91? 

109.978 

I.COU 

CCPPCSITIOK  SHIFTUC  (pCL/ICO  OP) 


28.92 

CL 

.2  106 

.  1429 

.0797 

.0519 

.0111 

.0074 

.0009 

.0000 

.OOCO 

.0000 

.0000 

.0000 

.  1622 

-13. 5C 

CL*F 

.CCC  1 

.CCCC 

.COOC 

•  0000 

.ccco 

.COOO 

•  OOCO 

.OCCC 

.0000 

.OCCC 

.0000 

.0000 

.0000 

-58.67 

CL*F3 

,ccoo 

.COCO 

.CCOO 

•  COOC 

.ooco 

•  CCCO 

.ocoo 

.coco 

.0000 

.ocoo 

.0000 

.0000 

.0000 

-2  1.97 

CLtH 

.5456 

.6137 

.6771 

.  7252 

.7460 

.7u96 

.7562 

.757  1 

.  757  1 

.  75  7  1 

.  75  7  1 

.  7571 

.5943 

.CC 

CL2 

.C004 

.0002 

.0001 

.0000 

.0000 

.0000 

•  OCOO 

.0000 

.0000 

.0000 

•  0000 

.0000 

.0003 

18.66 

F 

.C220 

.00  77 

.OC20 

•  0003 

.OCCO 

•  COOO 

•  0000 

•  OOCO 

.0000 

.0000 

.0000 

.0000 

.0107 

-64. 5C 

F*h 

2.2492 

2.2636 

2,2693 

2. 2710 

2.271  3 

2.7713 

2.2713 

2.27  15 

2.2713 

2.2713 

2.2715 

2.2713 

2.2606 

S8.6C 

F*K 

.ccco 

•  CCCC 

.CCCO 

•  CCOO 

.OOCO 

.CCCC 

•  OCCC 

.0000 

.CCCC 

.OCCC 

.  0000 

.0000 

.0000 

.00 

F2 

.cooo 

.0000 

.0000 

.  0000 

.0000 

.0000 

•  0000 

,0000 

.0000 

.0000 

.0000 

.0000 

.0000 

52.  1C 

E 

.21  17 

.  1257 

•  06  15 

.0?IV 

.007  1 

.0047 

•  0005 

.0000 

.0000 

.OOCO 

.0000 

.0000 

.  1482 

79.20 

F*N 

.CCC  1 

.CCOO 

.0000 

,ocoo 

.OOCO 

•  OCCO 

•  OOCO 

.coco 

.coco 

.OCCO 

.0000 

.0000 

•  OOOC 

.CC 

82 

,!6fl9 

.37C7 

.3682 

.  56  5  1 

.5600 

.3594 

•  3582 

.3580 

.3560 

.3580 

.3580 

.35b0 

.  3706 

4C.  3C 

8?#N 

.ccoo 

.0000 

.0000 

.0000 

.0000 

.0000 

•  0000 

.0000 

.0000 

.0000 

•  0000 

.0000 

.OOOU 

-11.04 

83»N 

.ccco 

.CCCC 

.OCCO 

.0000 

.OCCO 

•  0000 

•  OOCO 

•  OOCO 

.0000 

.0000 

•  COCO 

.0000 

•  OOOo 

1 13.CC 

N 

.CCC2 

.ococ 

.0000 

•  ocoo 

.0000 

•  COOO 

•  0000 

•  OOCO 

.0000 

.0000 

.0000 

.0000 

.000  1 

.CC 

62 

.9360 

.936  1 

.9361 

.936  1 

.9361 

.9361 

•  9361 

.936  1 

.936  1 

.936  1 

.9361 

.9361 

.9360 

-56- 


I. OCO 

2.000 

J. CCO 
k.OCO 
s.cco 
6.000 
7.CC0 

o.cco 

9.CC0 

lO.OCO 

M.oeo 

I2.0CC 

IS.OCO 

16.000 

IS. OCO 
16.CC0 

IT. CCO 
II.OCO 
I9.0C0 

?o.cco 

21.CC0 

22.000 

23.0C0 

26. CC0 

25. CC0 
26.000 

27. CCQ 

26. ceo 

26.QC0 

30.0C0 

il.CCO 

32.eC0 

n.cco 

36.000 

IS. OCO 
•6.CC0 

IT. CCO 
le.oco 
36.cec 

60. CC0 

61. CC0 
67. coo 
63.eC0 

66. CC0 
6S.0C0 
66.000 

67. CCC 

60. CC0 

61. CCC 

so.cco 

3. 167 


6C/6 

l.CCC 
i.ejT 
10. 1 10 
10. 713 
29.666 
6I.6SS 
S6.S60 
69.617 
IS.  133 
ICI.27S 
M7.S6S 
I3S.S30 
iS6.esc 

1)6. ilO 
I9S.2J3 
2IS.96S 
236.112 
2Sr.9C2 
279.067 
3C3.069 
320.692 
JSi.639 
379.236 
6(S.2CS 
63  1.60  I 
6S7.999 
606, 706 
SII.SS6 
S30.SC7 
S6S.S37 
S92.620 
621. 66S 
6S2.C6C 
613.  ICS 
71%. 600 
766. %90 
770.  7tr 
011.373 
«6%.20S 
0)7. %7S 
910. 9CI 
96%.SS9 
970.602 
IC12.6I3 
1066. S67 
1000.066 
IMS. 226 
1  169. 69S 
1116. 2!« 
1210.063 
I2SJ.S0I 
20.616 


svsroM  iicuto  tioieiOLLONi  k  ioo 

C0«reN06!  toco  F00HUL6  CChSirv  *<C6I  FORM 

CfO  R  CH/CC  <KC6l/F0«D.HT. 

SVStOM  LiCUtn  HIF  -‘iLLANt  FC  300  FSIA 

2'.9  ..•n  1.000  -66. 3S 

•  .«  <H6  1.006  «t2.0S 

'ROItli  (RF6NS106 
C  S1A0  •  Sr29.t  Ft/SfC 

F  FSU  riMF  ONThOLFV  CF  CAL/  I  OFt  OlLVAC  OtlVAC 
OfC  R  RC6L/IOOCF*  OF  OfC  /F 


300.000 
163. '72 
29.6SI 
IS. 972 
1C. 102 
7.202 
S.69fl 
6.322 
S.S26 
2.962 
2.SS2 
2.216 
1.937 
1.716 
I.S37 
1.309 
1.266 
1.163 
1.072 
.907 
.913 
.060 
.  79  I 
.  760 
.69S 
.6SS 
.619 
.S06 
.SS7 
.S30 
.S06 
.%es 
.660 
.639 
.620 
.602 
.30S 
.370 
•  ISS 
.362 
.  329 
.310 
.307 
.296 
.207 
.271 
.269 
.261 
.2S3 
.266 
.239 
16.696 


3603. 1 
3I2S.3 

2080.9 

1773.6 

1580.6 

1665.9 

1366.6 

1263.7 

1 197. 5 
1161.0 
1096.  I 

1052.6 

1015.6 
902.0 
9S3.3 

926.6 

902.2 
879.0 
039.2 
l%0.  ) 

822.6 
ICS. 9 
790.6 
7)S.8 
762.  I 
7%9.2 
737.0 
72S..S 

716. 5 
706.0 

696.1 

606.6 
6)S.S 
666.0 

658.6 

650.6 
662.0 
63S.% 
628.  3 

621.6 
6(6.8 
600.6 

602.3 

596.3 
S9C.S 

scs.o 

579.5 

576.3 

569.2 

366.3 

339. 5 
1)35. S 


-22.30 
-60. 7S 
-79.61 
-90.97 
-97.78 
-t02.66 
-IOS.93 
-100.67 
-110.09 
-112. 7S 
-116.33 

-116.91 
-117.91 
-110.93 
-119. 80 
-120.39 

-  (21.30 

-  12). 96 

-t22.se 

-123.16 

-(23.67 

-(26.16 

-  126.62 

-  I2S.06 
-I2S.67 
-I2S.I3 

-  (26.22 
•(26. S6 

-  (26.89 
-(27.21 

-  127. SI 
-1/7.79 
-128.06 

-  128.3! 

-i28.se 

-(28.82 

-I29.es 

-  129.2? 
-(29.69 
-(29.69 
-129.89 
•(30.08 
•IJ0.27 
•  I30.6S 
-130.62 

-  130.79 
-iS0.9« 
-(31.11 
-131.27 
-131*62 

.92,32 


.118 
.383 
.36S 
.3S6 
.330 
.363 
.361 
.338 
.533 
.332 
.330 
.328 
.327 
.323 
.326 
.323 
.322 
.321 
.  120 
.320 
.319 
.318 
.318 
.317 
.317 
.316 
.3(6 
.314 
.313 
.313 
.313 
.316 
.316 
.3)6 
.316 
.313 
.313 
.313 
.313 
.313 
.312 
.312 
.312 
.312 
.312 
.312 
.312 
.312 
.311 
.311 


(26.7 
223. A 
266.6 
236. 3 
266.  I 

269.2 

276.1 
277.6 

280. 5 
283.0 
283.  I 

286.9 

288.3 

289.9 

291.2 

292.6 

293.3 

296.3 

293.6 

296.2 
297.0 

292.2 

298.6 
299.0 

299.6 
SCO.  I 

500.2 

303.2 

501. 6 

502.1 

502.3 

502.9 

505.5 
SOS.  2 
106.  3 

306.6 

306.2 
SOS.  3 
SOS.  6 

303.2 

303.9 

506.2 

306.3 

506.2 
307.0 

307.2 

302.3 

302.7 

307.9 
308.1 

266.8 


96.9 

36.2 

28.3 
26.2 

23.3 

19.6 
38.  I 

16.9 

16.0 

13.2 

16.3 

33.9 

13.6 

12.9 

12.3 

12.1 


.396 

1.222 

1.786 

2.180 

2.9F6 

3.362 

6.189 

6.807 

3.397 

3.932 

A.SSi 

7.178 

7.79T 

1.606 

8.996 

9.370 


iVL  lOCOO 

216.9  217.3 

261.9  267.3 

266.7  2S6.6 


1  AT 
30000 


II. A  10.123 
11.3  3C.A93 

11.2  31.319 
10.9  11.966 
10.7  12.366 

30.6  13.(86 

10.2  13.797 
10.0  16.602 

9.8  36.999 
9.6  33.386 

9.5  16.163 
9.3  36.729 

9.2  17.286 
9.0  17.832 

8.9  38.6(7 

8.8  19.061 

8.6  19.663 

8.3  20.789 
2C.9I2 

1.336 

8.2  22.133 

8.1  22.770 
8.0  23.363 

7.9  23.991 
7.8  26.398 

7.7  23.199 
7.6  23.79$ 
7.6  26.386 

7.3  26.971 
7.6  27.330 
7.3  28.(23 
7.S  28.691 

7.2  29.233 
7.1  29.608 

27.6  1.180 


8.3 


273.6 

239.9 

272.9 

210.3 

283.6 

289.3 

292.2 

296.6 

296.3 

291.1 

299.6 

300.8 

301.9 

302.9 

303.7 

306.3 

303.3 

303.9 

306.3 

307.1 

307.6 

308. 1 

306.6 
309. C 

309.6 

309.6 

310.2 
3IG.3 

310.8 
311.1 

311.6 

311.7 


(.207 

I.S39 

(.383 


266.6  753.1  771.2 


313.1 

3)3.2 

276.6 


1.256 
I  .639 
1.333 
I.S7S 
1.606 
(.623 
1.66  1 
1.636 
1.663 
1.676 
1.682 
1.689 
1.693 
I.7UI 
1.706 
1.710 
1.716 
I.7IA 
1.721 
1.723 
1.728 
1.730 
I.7SS 
1.733 
1.738 
1.260 
1.762 

1.766 
(.766 

1.767 
1.769 
I.  730 

1.732 

1.733 
1.733 
(.736 
1.737 
I  .739 

1.760 

1.761 

1.762 

1.765 

1.766 

1.763 
1.766 
I  .  767 

1.768 

1.769 
1 .  770 

1.770 
1.386  1.361 


I.OCO 

2.  COO 

3.  COO 
6.000 
3. coo 

6.  COO 

7. CCC 

8. CC0 
9.0CO 
1C. 000 
II.OCO 
12.000 
13.000 

16. CC0 
IS.OCO 
16.000 

17.  COO 
18.000 
19.000 
20.000 
21.000 
22.000 
23.000 
26.000 
23. COO 
26.000 
27.000 
28.CC0 
29.000 
30.000 
31.000 
S2.0C0 
33.000 
36.0C0 
33.000 
36.000 
37. COO 
38.000 
39.0C0 
60.000 
61.000 
62.0CC 
63.000 
66.000 
63.CC0 
66.000 
67.000 
68.000 
69.CC0 
30.000 

3.566 


FC/F 

1.000 
1.772 
8.963 
13.933 
26.300 
36.360 
63. CIO 
36.317 
«9.  ICO 
82.6(7 
96.012 
109.893 

123.932 
139.109 
136.  197 
173. CC6 
190.  (30 
207.676 
226.963 

262.317 
260.  136 
278.313 

298.317 

318.933 
33V. 723 
360.860 
382.239 
6C3.eia 
623.726 
667.736 
669.882 
692.  133 
316.671 
336.871 
339.319 
311. 8Cr 
6C6.3S0 
629.366 
636.793 
680.3*0 
7C6.539 
732.863 
759. 62S 
)I6.221 
813.260 
160.682 
867.8/1 
893.631 
923.  186 
931.038 
979.037 

20.616 


F  F3IA 

300.000  . 

169.298 
33.366 
11.827  : 
12.263  : 
I.7SI 
6.633 
3,320 

6.362 
3.660 
3.  122 
2.730 
2.620 
2.  166 
1.92  I 
I.7S6 
1.378 
1.666 
1.336 
1.237 
I.  133 
1.077 
1.003 
.961 
.883 
.831 
.783 
.763 
.703 
.670 
.638 
.610 
.583 
.339 
.336 
.3)6 
.696 
.677 
.658 
.661 
.623 
.609 
.393 
.382 
.369 
.S37 
.366 
.353 
.325 
.3)5 
.306 
16.696 


•  IFtcALFf 
I  KC6L/tOOOF 
8  -22.30 

.0  -60.08 

,  1  -80.99 

,0  -96.20 

.2  -tC2.3l 

.9  -108.37 

,7  -ii2.ee 

8  -116.32 

,8  -1)9.20 

,6  -121.62 
,7  -123.69 

.  )  -123,69 

,6  -127.08 

,7  -128.69 

,0  -129.76 

7  -)J0.92 

.5  -)3«.97 

,3  -)37.93 

.6  -(33.82 

.7  -(56.66 

.6  -153.60 

,9  -136.(1 


SHIFTIHC  (iFAAitOR 
C  STAR  •  3913.3  F3/SK 
CF  CAl/  I  OF!  OlLVAC  CIIVAC  t  SEA 


1093.  ( 
1076.9 
1061.6 

1066.7 

1032.7 

1019.6 
(CC6.6 

996.3 

982.6 

971.1 
96C.3 
930.0 

939.9 

950.2 
92C.9 
9(1.8 
903.0 

896.6 

■86.6 

878.6 

870.7 

863.2 

833.9 

868.9 
162.0 

833.3 

2202. 6 


-  (60.03 
-(60.30 
-(60.93 
-)6(.56 


-  163.  (6 
-(63.66 
-163.77 


oec 

.883 

.800 

.338 

.667 

.602 

.579 

.363 

.137 

.33) 

.167 

.366 

.362 

.360 

.338 

.336 

.333 

.333 

.132 

.33) 

.330 

.329 

.328 

.327 

.326 

.323 

.326 

.326 

.323 

.322 

.322 

.32) 

.328 

.320 

.519 

.3)9 

.518 

.318 

.317 

.317 

.3(7 

.316 

.316 

.3(3 

.333 

.313 

.316 

.316 

.316 

.315 

.515 

.515 


126.3 

226.3 

230.1 

266.  I 

275.6 
28C.6 
286.0 
29C.I 
296.0 
297. C 

299.6 

301.9 

505.9 

105.8 

507.6 

508.9 

110.2 

SI  1.3 

512.6 

515. 7 

536.7 

515. 6 

516.6 

517.3 

118. 0 

518.7 

339. 6 
920.  3 

920.7 

32 1.9 

921.8 

522.5 
522.0 

925.5 

525.8 

326.2 

526.7 

523.3 

523.5 

525.9 

326.2 

526.6 

526.9 

527.5 

927.6 

327.9 

920.2 

928.5 

928.8 
129.0 

250.5 


103. f 

62.7 

16.8 
30.0 
26.9 
26.6 
72.8 
21.6 

20.3 

19.3 

18.3 
17.0 

17.2 
16.6 

36.3 
15.6 


/F 

.6(3 
1.27} 
1.866 
2.63) 
3.076 
3*696 
6.291 
6.939 
5,377 
6.196 
6.703 
7.3S6 
i.OO) 
8.663 
9.286 
9.915 
(3.2  1C. 330 
(6.8  31.132 
16.3  11.7(8 
16.2  12.289 

13.9  12.876 
(3.6  13.320 

13.5  (6.166 

13.1  16.807 
12.0  33.667 

12.6  I8.083 

12.6  36.713 

12.2  17.360 
12.0  17.939 

11.9  38.S69 

31.7  19.172 

11.3  39.766 

11.6  70.332 

11.2  70.928 

11. 1  71.697 

10.9  77.037 
10.0  77.696 

10.7  25.339 

10.6  73.903 

10.3  26.676 
10.3  23.260 

10.7  73.909 

10. 1  76.369 
10.0  27.107 

9.9  77.023 
9.8  28.636 
9.7  29.086 
9.7  29.7)3 
9.6  9C.S36 
9.3  *0.933 

91.9  2.371 


I  VAC  CF  SEA  CF  VAC 


7)9.1 

230.3 

737.8 


721.0 
736.  I 
263.9 
269.0 


227.0 
267.0 
21). 7 
290.0 

293.2 
298.9 

301.5 

503.6 

106. 7 
303.0 
106.6 

307.7 

307.3 
307.6 
107.  7 


258.3  268.1  286.7 


220. 1 

269.2 
286.9 

296.2 

300.3 

303.2 
301.0 
311.8 

316.3 
3)6.3 
SIB. I 

319.7 

321.1 

322.6 

323.3 

323.3 

326.3 

327.1 

327.8 

328.3 

529.2 

329.1 

330.3 

330.9 

331.6 

331.8 

352.3 

352.7 

333.1 

333.3 

333.9 

336!s 

336.9 

333.2 

333.3 
333. E 
536.0 

396.1 

196.6 

996.1 
937.) 

337.3 
39T.S 

337.7 
•2  47.9 

338.1 

338.3 

551. 3 

290.6 


(.26  1 
(.361 
(.602 


1.  (92 
(.663 
(.330 
1.601 
1.633 
1.660 
1.680 
I  .696 

i.rio 

1.721 
(.73) 
I  .  760 
1.76  7 
I.  736 
1.760 
(.766 
(.771 
(.775 
1.780 
I  .  786 
1.780 
1.791 
1.796 
(.797 
1.000 
(.603 
1.803 
i.eOB 
(.810 
(.012 
1.813 
1.017 
1.010 
(.820 
1.02? 
(.026 
1.023 
(.027 
I.A20 
(.030 
(.031 
1.035 
1.036 
1.833 
1.056 
(.030 
)-.JU.9 
1.860 
1.061 
1.062 
1.500 


PKESSUKf  PHCfILf  CATA 

SYSTEM  LUUIC  HIPROPELLANT  PC  300  PSIA 


CCPPONEM 

TREE 

FORMULA 

CfcKSITY 

HEAT  F(?KM 

wr 

r  6> 

K 

GM/CC 

IKCAL/F  0PM.  wr . 

) 

CL»F  3 

1  .b80 

-44.30 

T5 

N2«h4 

UCC4 

♦  12.05 

25 

l-LLK  Lk-N:»l  TY  =  I.54i  CP/CC 

MlXTCKt  RATir  =  3. COO  Lb  CXIOUI'K  /  LP  Of  FLfcl 


PRfSSUHt  PKOflLf  CATA 


CHAMPEK  ENlftCPY  2»i^.Ce  fcU/ICCGMb 


PHFSSLKEi  PSIA 

CMAMBER 

300.0  134.7 

60.49 

27.  16 

FRO/EK 

14.70 

CXPANSICK 

12.20  5.477 

2.460 

1  .  IL4 

.496 

.22  3 

.  100 

THROAT 

162. d 

TEMP,  cec  K 

3  765.6 

3  1CM.4 

2556.3 

2093.  1 

1788.7 

1  704.2 

1  378. 7 

1 1C7.6 

884.0 

701.9 

555.4 

43H.  7 

3253.6 

EKThALPY  {-» 

26,58 

49,88 

69.  10 

M4 .86 

94.97 

97.74 

108.  19 

116.6  1 

125.36 

1 28.73 

152.99 

136.36 

44.77 

CP 

.3578 

.35  15 

,  3444 

.  3  356 

.  3264 

.  326C 

.3159 

.  5C59 

.29/7 

.2925 

.2094 

.2879 

.3531 

IMPEL  OPT 

142. 4C 

192. 53 

225.  1  7 

24  5. V3 

248.81 

266.45 

279.87 

290. 17 

298,1  I 

304,26 

309.04 

125. HU 

IMPEL  VAC 

223. C7 

24  1,45 

259.52 

271. C3 

274. 12 

285.57 

294.49 

301.1*3 

3C6.P1 

311. C  1 

314.29 

221.38 

EPSILCS 

I.C2C 

1,383 

2.  154 

3.  I4I 

3.535 

5.947 

1C.  1  30 

17.365 

29.8b7 

51.600 

89. 357 

1  .000 

PHESSLR6*  PSIA 

3CC.0 

1  34.  7 

60.49 

27.  16 

ShlFTIKO  EXPAKSION 
14.70  12.20  5.477 

2.460 

1.  1C4 

.496 

.223 

.  ICO 

169.  1 

TEMP,  C6G  K 

3  765.6 

3382,5 

5C  17.8 

2663.0 

2387.6 

2  301.4 

1925. 5 

16C9.5 

1 358,2 

1  126.6 

914.  1 

734.1 

3489.5 

FNTMALPY  (-1 

26.58 

50,63 

71.78 

90.28 

1C2. 76 

IC6.27 

1 19. 8C 

131. C4 

14C.44 

148,29 

154.7) 

159.88 

44.08 

t  PAK 

4,275 

4.19  1 

4.  121 

4.C66 

4.037 

4.032 

4,C2  1 

4.CC4 

3,979 

3.965 

3.96,3 

3,963 

4.2  14 

4,275 

4,191 

4.  121 

4.066 

4.037 

4.032 

4.02  1 

4.004 

3.979 

3.965 

3.963 

3.963 

4.214 

CP 

.8999 

.  7P2  1 

,6659 

.5445 

.44  17 

«41C1 

.  3496 

,3913 

.  3766 

.3185 

.2925 

.2840 

.8153 

IMPEL  OPT 

144.66 

19H, 31 

235.40 

257.44 

263.29 

284.77 

3C1.45 

314.73 

325.39 

333.86 

340.54 

123.41 

IMPEL  VAC 

229, 39 

252.52 

275.  16 

289.61 

293.76 

50P.2H 

319.94 

329.58 

337.26 

343.24 

347.93 

226.42 

CPSILCN 

1.032 

1,471 

2.403 

3.6  16 

4.  100 

7.044 

12. 336 

22.063 

39.2bP 

69.  147 

121.224 

1.000 

2«.?2  CL 

.4C20 

.  3388 

.2642 

CCMPCSITlfN  SHIFIINC  (MCl/IOO  CMJ 

,1898  .1450  .1357  .1165  .0830 

.0325 

.005  7 

.C0C4 

.0000 

.  3584 

-13. 5C  CL«F 

.CC03 

.CCCI 

.OCCI 

.CCOO 

.ooco 

.CCCC 

.OOCC 

.COCO 

.CCCO 

.  0000 

,0000 

.0000 

.0002 

-38. e?  CL«F2 

.COOO 

.0000 

,0000 

.0000 

.0000 

•  OCOO 

.OCOO 

,0000 

•  OOCO 

.0000 

.0000 

.0000 

.0000 

-21.97  CL»h 

•  4C6b 

,47C5 

,5455 

.6201 

.6646 

.6736 

,6865 

.6868 

•  6868 

.6868 

.6868 

.6868 

.450d 

.CC  CL2 

.CCIO 

.ccce 

.CC07 

.CC07 

.0008 

.CC09 

.CC4  1 

,C207 

.  0460 

.C594 

.0620 

.0622 

.0009 

iM.e^  F 

.C722 

.C324 

.0122 

.CC37 

.0013 

.CC09 

,0CO2 

.COCO 

.CCCO 

.0000 

.0000 

.0000 

.04  15 

-64. 5C  F«M 

2. 3611 

2.4010 

2.42  1  3 

2,4298 

2.4323 

2.4326 

2.4334 

2,4335 

2.4336 

?-4?36 

2.4356 

2.4336 

2. 5919 

58. 6C  F•^ 

.ccco 

.coco 

.0000 

.0000 

.CCCO 

.CCOO 

,0000 

.COCO 

.occo 

.OOCO 

.0000 

.OOCO 

.  0000 

.CC  F2 

.ccoo 

.ccco 

,0000 

.CCOO 

.coco 

.COOO 

.OOCC 

.ooco 

.COCO 

.0000 

.0000 

.ooco 

•  OOOC 

52.  IC  F 

.  1498 

.0861 

.0396 

.0124 

.0030 

.0017 

.coco 

.COLO 

.ccco 

•  0000 

.0000 

.ooco 

.  1027 

79. 2C  F«K 

.cool 

.COOO 

.0000 

.0000 

♦  OOCO 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.CC  M2 

.  1C13 

.08  14 

.0569 

,0290 

.0  IC2 

.0062 

.0002 

.COOO 

.ooco 

.ooco 

.0000 

.0000 

.0874 

4C.3C  M2•^ 

.CCOO 

.CCCO 

.CCOO 

.0000 

.COCO 

.OCOO 

.0000 

.ooco 

•  COOO 

.occo 

.OOCO 

.0000 

.OOOC 

-  11.C4  M*iN 

.ccco 

.cccc 

.CCCO 

.OCOO 

.OOCO 

.CCCO 

.OOCC 

.COOO 

.occo 

.0000 

.0000 

.0000 

.0000 

1  13. OC  N 

.0003 

.0001 

.0000 

.0000 

.0000 

.0000 

.0000 

.ooco 

•  ooco 

•  0000 

.0000 

.0000 

.0001 

.CC  K2 

.  7799 

.78C0 

.  780  1 

.  780  1 

.78CI 

.  780  1 

.780  1 

.7801 

.  78C  1 

.7RCI 

.  780  ) 

.  7801 

.7000 

56 


f^SlUCM  fc/f 

i.CCO 

1. CCO  l.««] 

2. CCQ  I0.I9M 

i.CCO  19.C1II 

k. OCO  29.911 

S.OOO  %2.2J7 

«.CCQ  £5.S«iii 

r.ccc  ro.7«s 

l. CCO  (6.7911 

9.0CO  IC3.2!2 

lO.OCO  )I9.I26 

n. OCO  1*8. SS3 

l2.0Ca  l£B.i69 

I3.CCO  171.123 

U.OCO  199. 7il 

tS.CCO  220. 93S 

U.OCO  2«2.'li 

>r.CCO  263. Ill 

II.CCC  2(6.997 

I9.CC0  in.7!l 

2C.CC0  337.072 

2I.0C0  362.931 

22. CC0  3(9.261 

23. CCC  615.926 

26. CCO  662. 9CQ 

25.0C0  670. IC7 

26.0CC  6(7.692 

27. CCO  S2S.CCI 

2e.CCQ  352.621 

29.0C0  510.309 

3C.CC0  6Cfl.6Cl 

3I.OCO  6*9. 5C2 

32.CCO  671. U9 

3j.0CO  7CS.ie0 

36.0CO  7*5. 7C5 

55.0CO  7(8.623 

36.CCC  (Cl. 910 

37.0CO  «.'S.53a 

ae. CCO  (69.651 

39.CCO  (C3.660 

6C.0CC  9*8. (68 

6I.0C0  972. 7C5 

62.0CO  ICC7.523 

63.CC0  K62.699 

66. CC0  1077. 6C9 

65.CC0  1112.8*3 

66.0C0  1168.152 

67. CC0  11(3.532 

68. CCC  1219. 019 

69.0C0  1236.565 

SC.CCC  12(0.122 

3. (61  2C.6I6 


5651(11  LtCttO  lt8*«MLL6Nt 
COKOMIMT  TKCf  (OIHUiA 
CEC  « 

298  CL*6S 
298  N26H6 


C8/CC 

l.M 


P  fSIA  7(88  |6?H6i.9V 


3CC.C00 
U2.8I5 
29.630 
15.778 
1C. 030 
7.086 
5.601 
6.261 
3.656 
2.906 
2.506 
2.  165 
1.896 
1.678 
1.502 
1.358 
1.238 
I.  137 
1.065 
.962 
.890 
.827 
.771 
.  721 
.677 

.A6* 

.603 
.571 
.563 
.517 
.693 
.669 
.667 
.627 
.608 
.  39C 
.  376 
.  359 
.365 
.132 
.  12C 
.308 
.298 
.288 
.278 
.27C 
.261 
.253 
.266 
.239 
.233 
16.696 


OEC  R  KC6L/)00CM  C8  OEC 
3765.6  >26.58  .35* 

-66. 77 
-82.80 
-91.85 
-100.66 
- IC6.99 
-108.36 
-110.99 
-113.13 
•116.91 
-116.63 
-117.75 
-118.91 
-119.96 
- I2Q.86 
-121.69 
-122.66 
-123.13 

-  123. 76 

-  126.16 

-126.89 

-  125.59 
-125.86 
-126. 1C 
-126.72 

-  1/7.  1 1 

-  127.68 
-127.82 
-128.15 
-128.67 
•128.77 
-129.05 
-1/9.12 

-  129.56 

-  1/9.83 

-  lie. 07 
-130. 1C 
-110.52 
-130.73 
-110.96 
-131.13 
-131.32 
-131.51 
•131.68 

-  111.86 
-132.02 
•'3?. 18 
•132.36 
-132.69 
-132.63 
-132.78 

-96.77 


1.006  *12.05 

F882EN  Ea86N518K 
C  St«M  >  5666.3  8f/SEC 
C8  C6L/  t  087  OELVAC  Cllt'AC  1  SEA 


ur.  0/0 

75. 

25. 


3253. 6 

2156.7 

1822. 8 
I62C.3 

1679.5 

1373.7 

1289.7 

1220.8 

1 163.0 

1113.5 
1070.3 
1032.2 

998. 1 

967.8 
96C.  I 
915.0 

891.9 
070.7 
651.0 

832.7 
815.  7 

799.7 

786.8 
77C.7 
>57.6 

766.9 
733.0 

721.7 
71  1.0 
7C0.8 
69  1.0 

681.7 

672.8 

666.2 
656.0 
668.2 
66C.6 

633.3 

626.3 

619.5 
613.0 

606.7 
6CC.6 

596.7 
589.0 

583.5 
578,  I 

572.9 

567.9 
565.0 

1788.7 


.353 

.337 

.129 

.326 

.119 

.316 

.311 

.310 

.300 

.306 

.306 

.303 

.302 

.101 

.300 

.299 

.290 

.297 

.297 

.296 

.296 

.295 

.295 

.296 

.296 

.296 

.293 

.291 

.293 

.292 

.292 

.292 

.29? 

.292 

.291 

.291 

.291 

.291 

.291 

.291 

.290 

.290 

.290 

.290 

.290 

.290 

.290 

.290 

.290 

.209 

.126 


125.0 

221.5 

261.9 

253.5 
261.2 
266.7 
271.0 

276.6 
2T7.2 

279.6 

201.6 
20J.6 
205.0 
206.6 

207.6 
200.0 
209.0 
29C.e 

291.6 

292.6 

293.2 

293.9 

296.5 

295.2 

295.7 

296.3 

296.8 

297.3 
297.7 

290.2 

298.6 
299.0 

299.6 

299.7 
IOC.  I 
SOu.6 
30C.7 
ICi.O 

101.3 

101.6 

101.9 
102.1 
102.6 
102.6 

102.9 
103.  I 
10  3.1 
303.5 

105.7 
306.0 

261.9 


95.6 

35.5 
27.0 

23.6 

20.9 
19.0 

17.6 

16.6 

15.5 

16.7 

16.0 

13.5 

12.9 

12.5 
12.  I 

11. 7 


/O 

.507 
1.207 
1.766 
2.156 
2.953 
3.526 
6.  166 
6.756 
5.136 
5.879 
6.686 
7.103 
7.716 
0.312 
8.893 
9.656 
1C. 000 

11. 1  1C. 506 
10.0  11.206 
10.5  11.022 
10.3  12.636 

10. 1  13.066 
9.0  13.669 

9.6  16.266 

9.5  16.010 
9.1  15.606 

9.1  15.972 
9.0  16.527 
0.0  17.071 
0.7  17.615 
0.6  18.212 
0.6  10.069 
«.}  19.667 
0.2  2C.0B6 
0.1  2C.699 
0.0  21.113 
7.9  21.926 

7.8  22.5)2 

7.7  23.115 

7.6  21.715 

7.5  26.310 

7.6  26.920 

7.1  25.505 
7.5  26.086 

7.2  26.658 
7.1  27.225 
7.0  27.786 
7.0  20.362 

6.9  28.891 

6.8  29.635 

1.866 


iVL 

212.8  215.6 

239.3  266.6 

263.8  251.6 


220.6 

256.4 
266.0 
273.  I 
277.  1 
279.7 

281.5 
282.  7 
28  3.6 
206.3 

286.6 
266.0 


27.  I 


263.9  252.1  267.9 


221.6 

257.0 

269.8 
277.  I 
282.  I 

285.7 
288.6 
29C.e 

292.7 
296.3 

295.7 

296.9 

297.9 

298.9 
299.  7 

300.5 

301.2 

301.6 

302.6 
303.0 

301.5 

303.9 

306.6 

306.8 

305.2 

305.6 

305.9 

306.2 
3C6.S 
306.0 
307.  1 

307.6 

107.7 

307.9 
3C8.  I 
308.6 

308.6 

308.8 
309. C 

109.2 

109.6 

309.6 

309.7 

309.9 
3IC.  I 

110.2 
3IC.6 
310.5 
3IC.7 

310.8 
271. C 


CF  SE6  CP  VAC 
LVL 

1.208  1.257 

1.359  1.659 

1.385  1.532 

1.576 
1.602 
1.622 
1.619 
1.651 
1.662 
1.671 
1.679 
1.686 
1.692 
1.697 
1.702 
1.706 
1.710 

1.716 

1.717 
1.720 
1 .  723 
1.726 
1.728 
1.731 
1.733 
1 . 7  35 
I.  757 
I.  719 

1.761 

1.762 
1.766 
1.765 
1 .  767 
I.76A 

1.750 

1.751 

1.752 

1.753 

1.755 

1.756 

1.757 

1.758 

1.759 

1.760 

1.761 
I.7AI 
1.  762 

1.763 
1 .  766 
I.  765 


E85U8>« 


1. CCC 

2. CCC 
I.CCO 
6.CCC 
5.CC0 
e.CCC 

r.cco 

e.CCC 
9.CC0 
IC.CCO 
I  I.CCO 
I2.CC0 
ll.CCO 
U.OCO 
15.0(0 
U.OCO 
17.CCC 

le.cco 

19. CCC 

20. CC0 

21. CC0 
22.0C0 
23.000 
26.0CC 

25. CC0 

26. CC0 
27.0C0 

28. CC0 

29. CC0 
IC.OCO 
ll.CCO 
32.0C0 
33.0C0 
36.0CO 
IS.OCO 
36.CC0 
3T.CC0 

le.cco 

19.0C0 

60.0CO 

6I.OCO 

62.0C0 

63.0CO 

66.000 

65.0CC 

66.0CO 

67.CC0 

6e.cco 

69.0CO 

so.oco 

3.616 


8C/8 

I.CCO 

1.776 

8.862 
15.550 
29.715 
.*  J .  I  I  3 
6  3.63  I 
56.289 
66.358 
78.991 
(1.8(9 
1C6.8S5 
117.691 
111.658 
166.573 
I6I.8C3 
117.250 
1(2.827 
2(8.682 
226.096 
219.686 
2*5.208 
270.682 
288.219 
3C6.238 
12-.580 
363.  155 
561.996 
3(1. C51 
6C0. JCO 

619.717 
639.280 
658.987 
678.781 
6(8.867 
518.612 
5*8.866 

558.718 
578.(88 
599.092 

620. ec2 

661.938 
866.  112 
6(9. ITS 
712. 65S 
715.981 
7*9. 8C1 
781.609 
8C7.729 
(12.C32 
856. SC7 
20.616 


P  Alii 

3CC.C0C 
169.095 
32.92( 
19,293 
I2.65C 
(.060 
6.(08 
5.526 
6.521 
1.798 
1.265 
2.862 
2.569 
2,279 
2.067 
1.856 
1.693 
1.556 
1.639 
1.339 
1.252 
1.176 
I.IO( 
1.06  I 
.98C 
.926 
.876 
.829 
.787 
.  769 
.715 
.683 
.656 
.627 
.602 
.578 
.557 
.537 
.518 
.501 
.681 
.666 
.65C 
.635 
.621 
.608 
.195 
.383 


T(A1  EAU616V 
OCC  I  KC6i/IOOCI> 
3765.6  -26.58 


SHiPtINC  ((A1ASI06 
C  5161  .  5879.7  Pl/$(t 
CA  C6l/  1  9At  0(4.V6C  C(IV6C  I  SEA 


.171 

.361 


1689.5 

2786.6 

2513.6 

2318.6 
2162.  I 
2016.) 

1929.5 
1867.  I 
I  778. 1 
1719.2 

1668. 1 

1621. 1 

1586.5 
155C.2 
1519.2 
1691.0 
1685.0 
166  1.0 

1618.6 

1397.7 
1378.0 

1559.1 
1 360.9 

1323.1 
1306.6 
129C.6 

1275. 2 

1260.5 

1266.6 

1232.8 

1219.7 

1207. 1 
I  196.9 

1183. 1 

1171.7 
1160.6 
I  169.9 
I  139.5 
1129.6 

1 119.5 

1 109.8 
MCC.6 

1091.2 
1082.1 

1073.6 
IC65.1 

1056.9 
1068.8 

1060.9 

1033.2 

2387.6 


-66.08 
-86,29 
-97.10 
-ICS. 59 
•111.52 
•116.05 
-119.66 
-122.57 
-125.02 
-127.11 
-1/8.96 
-130.56 
-131.97 
-131.25 
-136.62 

-  135.68 
-136.66 
-137.56 
-138.20 

-  138,98 
-139,71 

-  160. 6C 
-161.06 
-161.67 

-  162.26 
-162.82 
-161.15 
-163.85 
-166.33 
-166.79 

-  165.23 
-165.66 
-166.06 
-166.65 
-166.83 
-167.19 
-167.53 

-  167.81 
-168.19 
-168.51 
-168.81 
-169.11 
-169.39 

-  169.67 
•  169.96 
-150. 2C 
-150.66 
-I50.7C 
-150.96 
-151.17 
-102.76 


0«  OEC 
.900 
.815 
.588 
.689 
.616 
.176 
.156 
.150 
.155 
.  166 
.371 
.382 
.  589 
.392 
.393 
.592 
.391 
.390 
.388 
.385 
.181 
.180 
.177 
,37) 

.  369 
.165 
.361 
.357 
.356 
.350 
.366 
.163 
.139 
.536 
.333 
.330 
.327 
.326 
.122 
.319 
.317 
.316 
.316 
.313 
.311 
.110 
.109 
.308 
.306 
.305 
.306 
.662 


123.6 

226.6 
268.  I 
262.2 
271.8 
279.0 
286.6 
289. C 

292.7 

295.8 

298.6 
IOC.  7 

102.8 

306.6 
106.3 

307.8 

509.2 

510. 5 

311.6 

117.7 

113.7 

316.7 

515.6 

116.6 

117.2 
318.0 
318.7 

319.6 
320.  I 

320.7 

171.3 

321.9 

322.6 

522.9 

525.6 

523.9 

526.6 

126.8 

325.3 

525.7 
326.  I 

326.5 

126.9 
377.2 

327.6 

327.9 

320.1 

328.6 

328.9 

329.2 

257. 6 


103.0 

61.0 

15.6 
30.8 

21.7 
25*6 

73.6 
22.2 
21.  I 
2C.I 

19.6 

18.7 
18.  I 

17.6 
17.1 

16.7 


IP 

.609 
1.267 
1.836 
2.617 
1.055 
3.671 
6. 265 
6.909 
5.569 
e.171 
6.766 
7.131 
7.966 
8.592 
9.257 
9.875 

16.5  1C. 501 
16.0  11.116 
15.7  11.712 

15.6  12.293 

15.1  12.858 

16.9  13.606 

16.6  16.037 

16.6  16.676 

16.2  15.311 

13.9  15.967 

13.7  16.580 

13.5  17.210 

13.6  17.837 

13.2  18.658 
13.0  19.076 

12.9  19.686 

12. 7  2C.289 
12.6  2C.8B6 

12.6  21.677 

12.3  22.061 

12.2  22.658 
12.0  21.208 

11.9  23.772 

11.8  26.186 

11.7  25. OW 
11.6  25.651 
11.6  26.285 

11. 3  26.919 
11.2  27.552 
11.1  28.186 
11*0  28.815 

10.9  29.665 

10.8  30.013 
10.8  SC. 699 

2.203 


217.5 
269.0 

256.5 


220.2 

256.6 

266.6 
268.0 


225.6 

265.5 

280.6 
288.8 
296.  3 
2(8.  I 
300.9 

302.8 
306.3 
3C5.6 

306.2 

306.9 

307.3 

307.6 

307.7 


32.6 


257.6  267.2  286. I 


226.6 

267.6 

283.5 
293. C 

299.5 

306.6 
308.  1 

311.2 

313.7 

315.9 
3U.8 

319.6 

320.9 

327.2 

323.6 

326.5 

325.5 

326.6 

327.5 
328.  I 

328.8 

329.5 

330.2 

330.8 

311.6 

311.9 

332.5 
333.0 

333.6 

333.9 

136.3 

316.7 
335.  I 

335.5 

335.9 

336.2 

336.5 

336.9 

337.2 

317.5 

337.8 
338. C 
338.1 

338.6 

338.  e 

339.  I 

339.3 
339.5 

339.8 
360. C 

289.8 


CP  SEA  CP  VAC 
LVl 


1.239 
I.  36  3 
1.606 


1.609 


1 .  190 

1.665 
1.551 
1.603 
1.6  39 

1.665 
1.686 
1.703 
i.riT 
1.  729 
I.7SV 
1 .  768 
..756 
I.76J 
1.770 
1.7T6 
1.781 
1 .  786 
1,791 
1.795 
1.  799 
1.803 
I.BOr 
1.810 
1.81  J 
1.816 
1.819 
1.822 
1.825 
1.827 
1.029 
1.832 
1.8  56 
1.836 
1.838 
1.860 
1.862 
1.863 
1.065 
1.067 
1.868 
1.050 
1.051 
1.853 
1.056 

1.855 

1.857 

1.858 

1.859 

1.860 
1.586 


5^ 


PROFILE  OAfJI 

SYSTEM  LICUIO  BlPHOPELlANl  PC  300  PSIA 


CURPONENT 

TREF  FORMULA 

CEKSIIY 

REAT  FORM 

ur 

CEG  K 

CR/CC 

(KCAL/FORR.WT. 

> 

29P  CL*f3 

1.86  i 

->44. 3b 

80 

296  N2*hU 

t.CCA 

♦  12. Ob 

20 

BULK  CkNSITY  «  GM/CC 

PUftRE  RATIO  «  ti.OOO  L8  CXICUEk  /  LB  OF  FUEL 


PRESSURE  profile  CATA 
CHAREER  ENTROPY  227.16  EU/)OOCRS 


PRESSUREi  PSIA 

CFARBER 

300.0  134.7 

60.49 

27.  16 

FROZEN 

14.70 

EXPANSICK 

12.20  5.477 

2.460 

1.  1C4 

•  496 

•  223 

.100 

THROAT 

161.9 

TERPi  CEG  K 

3533.0 

2887.2 

2349.6 

1902.9 

1612.2 

1532.0 

1225.  1 

973.5 

769.5 

606.  3 

476.8 

374.8 

3025.4 

EKTFALPY  (-1 

iC.flS 

51.67 

6H.6S 

82.44 

91. 19 

93.5  7 

102.5  1 

109.63 

I  15.28 

1  19.74 

123.25 

126.00 

47.25 

CP 

.32bO 

.3193 

•  3124 

•  3C45 

.2976 

.295? 

.2866 

.2795 

.2745 

.2717 

.2704 

.2692 

.3206 

IRPUL  OPT 

134.56 

181.33 

21  1.84 

229.  11 

2  33.59 

249.6b 

261.79 

271.01 

2  78.07 

283.51 

287.69 

1 19.42 

IRPIL  VAC 

2)0.4  . 

227.  1  3 

243.60 

253.98 

256.77 

267.02 

274.93 

2d).C5 

285.78 

269.45 

292.  30 

208.97 

EPSILON 

I.C  18 

1.369 

2.  1 14 

3.061 

3.437 

5.726 

9.665 

16.434 

28.  106 

48.271 

63.288 

1.00C 

PRESSURE*  PSIA 

300.0 

134.  7 

60.49 

27.  16 

SHIFTING  EXPANSION 
14.70  12.20  $.47/ 

2.460 

1.  104 

•  496 

.223 

.100 

164.9 

lERPi  CEG  K 

3533.0 

3C04. 1 

2552.0 

2212.9 

2015.3 

I960. 1 

1757.2 

1580.3 

1412.4 

1236.7 

1042.3 

849.4 

3133.8 

ENTFALPY  I-) 

3C«8b 

52.04 

69.90 

85.04 

95.20 

90.07 

109.45 

1 19.46 

128.26 

135.97 

142.53 

U7.95 

47.03 

X  EAR 

4.069 

4.C67 

4.035 

3.975 

3.915 

3.8V6 

5.8)3 

3.735 

3.671 

3.626 

3.606 

3.603 

4.072 

N 

4.089 

4.067 

4.035 

3.975 

3.915 

3.896 

3.8)3 

3.735 

3.671 

3.626 

3.606 

3.603 

4.072 

CP 

.4639 

.4058 

.4677 

.6042 

.7070 

•  7308 

.7726 

.7  156 

.5789 

.4  153 

.3035 

.2696 

.4072 

IPPUL  OPT 

135.75 

184.29 

217. to 

236.59 

241.81 

261.48 

277.64 

291.  12 

3C2.40 

311.69 

319.  16 

118.61 

IPPUL  VAC 

213.55 

232.60 

252.  13 

265.39 

269. 1 1 

283.63 

296.0? 

306.52 

315.22 

322.1? 

327.45 

211.61 

EPSILON 

1.024 

1  .4  16 

2.286 

3.475 

3.968 

7.  169 

13.249 

24.714 

45.827 

82.992 

146.961 

1.000 

26.92  CL 

.  70  30 

.7377 

.7294 

COMPCSIIION  SHIFIINC  (RCl/lOO  GR ) 

.6499  .5543  .5222  .3799  .2436 

.1267 

.C43P 

.0070 

•  0004 

.731C 

-13. 5C  CL*F 

.CC57 

.CC65 

•  0143 

.0285 

.0421 

•  0464 

•  0643 

.0796 

•  0907 

.0971 

.0992 

.0995 

.0055 

-36.67  CL»F3 

•  cooo 

.0000 

•  0000 

.0000 

.occo 

•  0000 

.0000 

.0000 

•  0000 

.0000 

•  OOOO 

.0000 

.0000 

-21.97  CL»H 

.  1473 

.0946 

•  0502 

•  0240 

.0132 

•  0110 

.0049 

•  0020 

.0007 

.0002 

.0000 

.0000 

.1063 

.CC  CL2 

.CC56 

.0131 

.0357 

.061«i 

.  1279 

.  1429 

.2081 

.270  1 

.3236 

.362  1 

.3795 

.3627 

.0103 

16.66  F 

.2577 

.  ie9C 

.1355 

.0950 

.orc6 

.064  1 

•  040  1 

•  0220 

.0095 

.0027 

.0003 

•  0000 

•  204/ 

-64. bC  F«N 

2.3344 

2.4002 

2.4460 

2.4723 

7.4831 

2.4853 

2.4914 

2.4943 

2. 4956 

2.4961 

2.4962 

2.4963 

2.3656 

58. ec  F«N 

•  CCOO 

.OCOO 

•  0000 

.0000 

•ooco 

.0000 

•  0000 

•  0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

.CC  F2 

.ccoo 

•  occc 

•  OCOC 

.cooo 

•  0000 

.0000 

•  OCOO 

•  0000 

•  OOCO 

.COOO 

.0000 

.0000 

•  OOOC 

52. 1C  F 

.0114 

•  CC1C 

•  OCOO 

.OCOO 

•  ooco 

.0000 

.0000 

•  0000 

.0000 

•  0000 

.0000 

.0000 

•  0020 

79. 2C  F*N 

.0000 

.0000 

•  0000 

.cooo 

•  ooco 

•  0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.OC  F2 

.CO  16 

.OCOI 

•  COCO 

.0000 

.0000 

.0000 

.0000 

•  0000 

.0000 

•  OOCO 

.0000 

.0000 

.0002 

40.3C  F2«N 

•  ccoo 

•  occc 

•  0000 

.0000 

.ooco 

•  cooo 

’  .ooco 

.0000 

•  OCOO 

•  0000 

.0000 

•  COOO 

.0000 

-  1  1.04  F3tR 

.ccoo 

.cccc 

.0000 

.0000 

•  ooco 

•  0000 

.0000 

•  0000 

.0000 

•  0000 

.0000 

.0000 

.0000 

113. CC  N 

.0001 

•  0000 

•  0000 

•  0000 

.ooco 

•  0000 

•  0000 

.0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

.CC  N2 

.6240 

.6241 

•  624  1 

•  6241 

•  6241 

•  624  1 

•  624  1 

.624  1 

.6241 

•  6241 

•  624  1 

.6241 

.6241 

•60- 


i. ccc 
?.ccc 

j. cco 

•i.OCO 

5.CC0 

A.CCO 

7.CCO 

e.cco 

9.CCO 

lO.CCO 

n.oco 

I7.0C0 
13.0C0 
u.cco 
IS. ecu 

It.CCO 

w.cca 

le.cco 

)«.CCO 

2C.CCQ 

2UOCC 

22.0eQ 

23.CCO 

2«.CC0 

2S.CCO 

2«.CCO 

2/.CCO 

2«.eco 

29. «C0 

30. CCC 

31. CC0 

32. CCO 

33. CCC 
9«.OCO 
is.cco 
36.CCO 
37.0CC 
3M.CC0 
3«.CCO 
kO.OCO 
•I.OCC 

»2.cea 

«3.eco 

«k.OCO 

•s.oco 

•it.cco 

■r.cco 

•I.ccc 

3.0«  I 


SfStlH  LICUID 
COKieNIKr  T«CF  F8IIMULA 
CfC  R 

29a  CL*F) 
298  N2»H% 


CF/CC 

l.M 


RC/9 

1.000 
1.032 
lo.iia 
19.710 
31. •09 
••.6SC 
59.039 
75.939 
92.070 
no. 295 
120.498 
199. «•! 
171.032 
193.235 
215.(90 
231.4(1 
241.494 
2(4.301 
312.121 
390. 040 
347.092 
394.223 
929.959 
959.011 
903.301 
512.744 
592.359 
572. CSO 
401.775 
439.771 
441.719 
7C3.2I5 
730.229 
773.713 
eC9.423 
(95.915 
0(2.599 
9  19.«(9 
954.442 
999.  107 
1051.725 
1049.500 
I  IC7.927 
1195.950 
1  103.503 
122  1.7(9 
1240.099 
1290.340 
1334.739 
20.919 


P  0514  liPP  IKTHAlFf 


300.000 
141.995 
44.797 
15.147 
9.551 
4.710 
5. 001 
3.977 
3.237 
2.721 
1.331 
,007 
1.759 
1.553 
.390 
.25  7 
I.  197 
.090 
.959 
.(62 
.015 
.757 
.704 
.441 
.421 
.505 
.553 
.529 
.«99 
.973 
.••9 
.927 
.904 
.  30« 
.371 
.355 
.390 
.324 


.291 

.201 

.271 

.242 

.253 

.294 

.23« 

.231 

.229 

19.494 


Clfi  K  RCIL/IOOCR  6«>  Die 

SS33.0  -30.0$  .32$ 

-97.25 
-01. 1C 
-90.77 
-94.90 
-100.34 
-103.22 

-  105.94 
-107.27 
-106.77 
-tlO.09 
-111.19 
-tl2.il 

-  112.94 
-113.  72 

-  1 19. •! 

-  1 15.03 
-115.40 
-114.12 

-  1 14. 4C 
-117.09 

-  I  17.94 

-  M7.09 

-  1 10.20 

-  I  10.59 

-  110.04 

-  1 19.  14 

-  I  19.99 
-tl9.7l 

-  1 19.94 

-  120.21 

-  120.99 

-  120.44 
-120.07 

-  121.07 
-121.27 

-  I2».95 
-121.43 

-  121. IC 
-121.97 
-122.13 
-122. 2( 

-  122.93 
-122.57 
•122.71 
-122.(9 
-122.97 
-123.09 
-125.22 

•91,  19 


1.009  *12.05 

(OOtfK  (RF4NSt6N 
C  $I4«  •  5337.9  (t/SCC 
CP  CAL/  I  OAT  OClVAC  CfiVAC  1  SiA 


3C25.9 

1997.2 

1424.5 

1933.2 
1299.9 

1200.2 
1121.7 
1057.0 

1009.5 
95(.9 
9  19.9 
009.4 
•53.0 
024.2 

OC  I.  3 

770.7 
75«.0 
73V. 0 

721.5 
705.2 
49C.  I 
474.0 

442.1 

450.9 

430.7 

427.7 

417.2 
407.  3 
$97.9 
$09.0 
$0C.9 
$72.3 

569.5 
557.  I 

599.9 

593.  I 

534.5 

530.2 

529.1 

510.2 
512.4 

507. 1 
5CI.0 
994.  7 

991.1 
9(7.0 
9(2.9 

977.9 
1412.2 


.321 

.30$ 

.290 

.293 

.209 

.204 

.209 

.202 

.200 

.279 

.270 

.277 

.274 

.274 

.275 

.275 

.279 

.279 

.279 

.273 

.273 

.273 

.273 

.272 

.272 

.272 

.272 

.272 

.272 

.272 

.271 

.271 

.271 

.271 

.271 

.271 

.271 

.271 

.271 

.271 

.271 

.271 

.271 

.271 

.210 

.270 

.270 

.270 

.290 


It9.9 

209.3 

220.3 

230.9 

295.9 

230.9 
2$9.« 
25?. 0 

240.3 

242.5 

249.3 

245.9 

247.3 

240.5 

249.4 

270.4 

271.5 

272.3 

273.1 
273.0 

279.5 
275.  I 

275.7 

274.2 

274.7 

277.2 

277.4 
270.0 

270.9 
270.0 

279.2 

279.5 
279.0 
20C.2 
20C.5 

200.7 

201.0 

201.3 

201.5 
201.0 
202.0 
202.2 

202.5 

202.7 

202.9 

203.1 

203.3 

203.5 

229.1 


/P 

.553 
l.lll 
1.440 
2.219 
2.700 
3.327 
3.912 
9.970 
5.011 
5.59C 
4.129 
4.703 
7.271 
7.029 
0.157 
0.071 
9.91? 
9.4  ic.eoi 

9.3  IC.503 

9.1  H.I62 
0.9  tl.7S4 
0.7  12.302 
0.5  12.040 
0.1  13. OO/ 
0.2  I!.9k9 
0.0  19.970 

7.9  19.905 

7.7  15.909 

7.4  14.042 

7.5  14.499 

7.3  17.227 

7.2  17.000 

7.1  10.309 
7.0  10.94? 

4.9  19.592 
4.0  20. 1 13 

4.7  20.401 
4.7  21.299 

4.4  21.002 

4.5  22.355 
4.9  22.901 
4.9  23.992 

4.3  23.971 

4.2  29.504 
4.1  25.020 
4  *  25.549 
4.0  24.059 
4.0  24.550 

29.9  1.493 


09.4 

12.4 

25.2 

21.2 

10.7 

14.9 
t5.4 

19.5 

13.4 

12.9 

12.3 
II. 0 

11.3 

10.9 

10.5 

10.2 

9.9 


LVL 

200.0  203.3 
225.2  230. 3 
229.1  234.9 


I  Ar 
seooc 

200.0 

239.9 

250.7 

254.9 
259.0 
242.  I 

243.7 

249.7 

245.9 
245.9 

244. 1 

244.2 


229.1  234.4  251.1 


209.0 

291.9 

253.5 
240.  I 
249.4 
247.0 

270.3 

272.3 
279.0 

275.9 

274.4 

277.4 

270.6 

279.9 
200. 1 
200.0 

201.9 

261.9 

202.5 

202.9 

203.9 
203.0 

209.2 

209.5 
209.0 

205.2 

205.5 

205.7 
214.0 

204.3 
2(4.5 
204.  7 
207. C 

207.2 

207.9 

207.4 
207.0 

207.9 

240. 1 

200.3 

200.9 

200.4 

200.7 

200.9 
209. C 

209.2 

209.3 

209.9 
259.0 


1.211 

1.350 

1.301 


1.240 

1.956 

1.520 

1.5*0 

1.595 

1.419 

1.430 

1.492 
1.452 
1.440 
1.447 
1.679 
1.679 
1.609 
I.4R9 

1.493 

1.494 
1.700 
1.703 
1.705 
1.700 

1.711 
1.713 
1.715 
1.717 
1.719 

1.721 

1.722 
1.729 
1.72* 
1,727 

1.729 

1.730 

1.731 

1.712 
1.73* 
1.735 
1.73* 
1.737 
1.730 
1.739 

1.790 

1.791 

1.791 

1.792 

1.793 


KSKON 


I. CCO 
2.0CG 

J. CCO 
9.0C0 
5.000 
•  .OCO 
7.CC0 
O.CCO 
v.oco 

10. CCC 

11. CC0 
12.000 
13. OCO 

19. CC0 
IS.OCO 
14. OCO 
17.000 
Ifl.CCO 
lO.CCO 
2C.CC0 
21.000 
22. OCO 
23. OCO 
29. OCO 
25.000 
24. OCO 
27.CCO 

20. CC0 
29.000 
30. OCO 
3  I.CCO 
*2. OCO 
33.000 
59. OCO 
35. OCO 
>4. OCO 
37. OCO 

se.cco 

39.0CC 
90. COO 
91.000 
92.000 
93.000 
99.000 
95.000 
94. OCO 
97. OCO 
90. COO 
99.000 
SO.CCO 
3.975 


»C/( 

I.CCO 

1.020 

9.417 
14.455 
29.177 
33.994 
•3.591 
S3. 153 
43.7C9 
79.750 
(5,947 
97.  1(3 
ice.  SCO 
I  19.247 
131.311 
193.9(0 
154.(40 
149.903 
1(3.097 
ICO. 255 
2C9.999 
222.733 
235.951 
299.135 
242.270 
275. •2r 
290.574 
3C5.SI0 
320.431 
335.900 
351.300 
344.(92 
3(2. 9(7 
390.230 
919. C40 
929.949 
995.933 
941.937 
970.020 
959.191 
510.2(0 
524.945 
592.449 
550.(59 
573.152 
591. 931 
400. CC7 
425.957 
499.197 
442.953 
4(0.510 
20.919 


4  ASIA  te»4  (RtHALAT 
0(0  ■  RCAL/tOQOA 
3533.0  **  - 


3CC.00C 

149.(45 
31.199 
K.ei! 
17.040 
(.129 
4.(90 
5.499 
9.rC9 
9.013 
3.990 
J.00  7 
2.770 
7.515 
2.2(5 
2.0(9 
1.912 
1.744 
1.439 
1.529 
1.932 
1.39  7 
1.271 
1.209 
1.199 
1.000 
1.0  32 
.902 
.934 
.093 
.059 
.OK 
.709 
.753 
.725 
.490 
.473 
.499 
.420 
.407 
.500 
.570 
.$53 
.337 
.522 
.507 
.993 
.979 
.944 
.933 
.991 
19.494 


3133. A 

2205.3 

2074.4 

1954.9 
10/9.0 
10IJ.9 

1749.5 
172*. 7 

1400.9 

1450.5 

1431.6 

1407.9 
1505.5 
1545. J 

1594.4 

1529.2 

1512.9 

1997.4 

1903. 1 

1949.9 

1954.3 
1993.0 
1931. ( 
I92C. 5 

1909.3 

1390.4 

1300.2 

1370.2 

1340.5 

1359. 1 
1350. 0 
139  1. 1 

1332.9 
1329.0 

1315.7 
13C7.7 
1299,0 

1292.1 

1209.5 

1277.2 

1249.9 
12*2.0 
125$. 0 
1299.0 

1292.2 
1235.4 
1220.0 

1222.2 

1215.7 
1209.3 
2013. J 


30.05 
*7.03 
01.43 
■91.04 
■90, 2* 
107. 7( 
tC4.29 
>C9.03 
u.  le 

13.39 
15.07 
14.59 
17,95 
19.17 
'20.29 
2  1.31 
122.24 
23. 13 
123.9k 
129. 7C 
(25,92 
'24.09 
24.12 
27.32 
127,09 
120.93 
120.95 

129.99 
29.91 

30.34 
30.  OC 

31.21 
131.41 
32. CO 
32.37 
32.73 
31. oe 
139.91 
33.79 
39.05 

39.34 
.39.46 

139.99 

35.22 

35.99 

135.74 
'34.02 
i3*.27 
36.52 

36.74 

36.99 
'«$.2C 


$»<l((|4»6  (14411$  ION 
C  $T4R  •  $999.4  (f/$(l 
C4  C*L/  I  (49  0(IV4C  l(LV6C  I  $E*  i  At 
C4  GI(C  /4  m  1CCOO 


110.4 
71C.f 

230.9 

292.1 
75C.1 
254.  I 
240.0 

249.4 

247.9 

270.7 

773.1 

275.3 

277.2 

270.9 
26C.5 
202.0 

203.3 

209.4 

205.7 
204.0 
207.0 
290.0 

709.7 
29C.5 

291.5 
292.  I 

292.9 

793.4 

299.2 

299.9 

795.5 

294.1 
294.* 

297.2 

297.7 

290.2 

790.7 

299.2 
2»9.* 

300.1 

100.5 

300.9 

301.3 

301.7 

302. 1 

502.5 
302.0 

303.2 

303. 5 

303.9 

234.4 


93.0 
3*. 7 

30.4 

27.2 
25.0 

23.5 

22.3 

21.9 
20.* 
20.0 
•  9.9 

10.9 

10.5 

10.  I 

17.7 

17.9 
l/.l 
U.O 
l*.« 

14.3 
I*.  I 

15.9 

15.7 

15.5 

15.3 

15.2 
15.0 

14.9 

19.7 

19.4 

19.9 

19.3 

19.2 
19.0 

13.9 

13.6 

13.7 
13.* 

13.5 

13.9 

13.3 
13.2 
13.1 
13.0 

12.9 

12.6 

12.7 

12.4 

12.5 

12.5 

26.6 


.5*9 
1.17/ 
1.70) 
2.257 
7.635 
3.906 
3.955 
9.590 
5.  IS* 
5.719 
4.209 
4.620 
7.390 
7.919 
6.512 
9.  tOk 
9.491 
IC.273 
IC.697 
11.913 
11.946 
12. $19 
13.096 
13.573 
19. 109 
19.496 

15.267 
15.674 
14.945 
I7.0SI 
17. *3* 
16.219 
16.790 
19.379 
19.99* 
20.519 
21.070 
21. *36 
22.192 
22.792 

25.267 
23.627 
29.5*2 
29.693 
25.919 
25.951 
24.539 
27.117 
27.700 
26.269 

1.9*0 


203.3  205.6 
230.1  235.3 
239.0  291.4 

294.2 


210.7 

295.9 

250.1 

245.5 
270.3 

273.6 

274.9 
270.3 

279.7 

700.9 
7(1. ( 

202.5 

203.1 

203.5 

203.7 

205.9 

203.9 


214.4  295.3 


211.4 

297.9 
241.0 

249.3 

275.2 

279.4 
263.  1 
204.0 

200.5 

290.4 

292.3 

299.7 

295.7 
297.0 

290.3 

299.9 

300.9 

301.9 

302.3 

303.2 
309.0 

309.7 

305.9 
304.1 

304.7 

307.3 

307.9 

300.9 

300.9 

309.9 

309.9 

310.9 
310. 0 
31  1.2 
3  11.4 
312.0 

312.9 
312.0 
3)3.) 

313.9 
313.0 
3)9.  I 

319.9 

319.7 
315.0 

315.3 

315.5 
315.0 
31*. 1 

314.5 

245.9 


1.250 

1.340 

1.195 


1.202 

1.942 

1.593 

1.592 

1.424 

1.452 

1.473 

1.690 

1.705 

1.7)7 

1.729 

1.730 
1.797 
1.755 
1.743 
1.749 
1.775 
1.701 
1.707 
1.792 
1.794 

i.eoi 

1.005 

1.009 

1.012 

1.614 

1.019 

1.022 

1.024 

1.020 

1.031 

1.039 

1.037 

1.039 

1.09) 

1.099 

1.694 

1.690 

1.650 

1.852 

I.0S9 

1.054 

I.OSO 

1.040 

1.041 

1.063 

1.045 

1.044 

1.040 

1.049 

1.540 


'#1- 


242.0 


1.396 
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AERONUTRONIC  DIVISION 


F2-H2  SYSTEM 


PRESSURE  PROPIU  DATA 
SYSTEH  LIQUID  IIPROPEUANT  PC-IOOO.  PSIA 

COHPOHEMT  TREF  FOAMUUL _  .DEIillTX _ MEAT  fflRM . O/i) 

0£G  K  GH/CC  (KCAL/F0RH.HT* ) 

_ flS.2  F2 _ I.St  I— 

20«ti  H2  0.071  -1.887  2S. 

BULK  DENSITY  •  .2liY  GN/CC 

MlXIUAt  RATIO  •  3.000  LB  OXIDUER  /  LB  OF^FUEL 

_ PRESSURE  PROFILE  DATA _ 

. . . CHAHBtR  fyTRJTPIL  _ _ 


chamber  . 


THROAT 


FROZEN  EXPANSION 


PRESSURE^ 

PSIA 

1000 

398.1 

158.5 

63.10 

25.12 

18.70 

10.00 

3.981 

1.565 

.631 

.251 

•  100 

580.2 

TEMP,  DEC 

K 

23ii8.X  ISBI.2 

U9I.6 

1166.3 

608,2 

781,7 

/0!,1 

58g.0 

81S.5 

316.6 

2k2.6 

179.1  ^026.9 

ENTHALPY  ( 

-1 

30.25 

85.  7R 

129.99 

168.87 

192.06 

205.01 

213.  16 

229.82 

281.93 

251. $2 

256.12 

265.81 

66.69 

CP 

I.2I3I 

I.I6II 

1.1D7J 

l,0582_ 

_I.«76 

1.0166 

i.oni 

i.QOSk 

.  I.OWO 

.6663 

.6882 

•  9796 

1.1788 

IHPUL  OPT 

216.71 

29%.55 

3k2.2l 

575.21 

369.90 

398.90 

kl6.2k 

k26.l2 

k38.73 

886.21 

kS2.26 

182.87 

m.put  ¥*t 

326.  18 

38k. 70 

k05.3l 

klk.83 

820.76 

k32.37 

kkl.16 

kk7.76 

k52.98 

k57,2l 

3W-T0 

EPSILON 

I.OkS 

I.S57 

2.636 

8.696 

6.689 

8.566 

15.88? 

26.773 

56.263 

105.638 

162.675 

1.000 

-  .. 

SHlFr'lNC  EXPANSION 

PRESSURE. 

PSIA 

1000 

398.1 

158.5 

6JaI0. 

..25,12 

18*70 

10.00 

3.681 

1.585 

.631 

.  .25' 

,100 

5k0,a 

TEHP«  DEC 

K 

2}k8.J 

1888.1 

U98.1 

1178.8 

912.7 

785.7 

70k.  6 

5k2.8 

kl7.7 

321.3 

288.8 

180.3 

2033.6 

ENTHALPY  1 

l-l 

i0.25_ 

83.8k 

130. 7k 

165.26 

192.59 

205.57 

213.76 

230.06 

2k2.66 

252.30 

256.63 

266.23 

68,68 

X  BAR 

Ik. 381. 

lk.375 

Ik.  375 

18.378 

18.378 

lk.37k 

Ik. 37k 

Ik. 37k 

Ik.  37k 

Ik. 37k 

Ik. 37k 

18.378 

Ik. 377 

N 

Ik. 38k 

Ik. 373 

Ik, 375 

18.378 

Ik. 37k 

lk,37k 

18.378 

Ik. 37k 

Ik. 57k 

lk.3rk 

18.378 

Ik. 37k 

Ik. 377 

CP 

1.2627 

1.1689 

1. 1062 

1.0587 

1.0278 

1.0166 

1.0109 

1.0058 

1.0028 

.666k 

.9868 

.6768 

I.l6k0 

IPPUL  OPT 

216.91 

26k,63 

3k2.70 

375.80 

360.53 

$99.55 

kl6.65 

k26.86 

839.50 

886.99 

k53.08 

182.8k 

IPPUL  VAC 

326.61 

358.05 

385.30 

kOS.68 

kl5.53 

k2l.k7 

k53.l2 

kkl.9k 

886.59 

k5i.76 

k58.03 

321.07 

EPSILON 

I.0k6 

1.558 

_ 2i6k2_ 

k.7Q1 

6.656. 

-8.578 

15.601 

26.806 

56.380 

105.835 

193.533 

1.000 

COMPOSITION  SHIFTING  IMOL/100  GMI 

10.60  F 

.0000 

.0000 

•  0000 

•  0000 

.0000 

•0000 

•  0000 

•  0000 

.0000 

•  0000 

.0000 

.0000 

•  0000 

-6A.50  F«H 

3.»k7k 

3. 6k 7k 

3.9878 

3.6k7k 

3.9878 

3.9878 

3.9878 

3.6k7k 

5.6k7k 

3.9878 

5.9878 

3.9878 

3.9878 

•  00  F2 

.0000 

.0000 

•  0000 

•  0000 

•  OQOO 

•0000 

•  0000 

.0000 

•  0000 

•  0000 

•  0000 

.0000 

.0000 

52.10  H 

.0183 

.0017 

.0001 

•0000 

.0000 

.0000 

•  0000 

.0000 

•  0000 

•  fOOO 

.0000 

•  0000 

.0081 

.00  M2 

10.N1BOIO.R263 

I0.k2>l 

Id.827n0.82tl 

10.k27l 

16.k27t 

IO.k27l 

lo.kTTT 

l6.k27l 

l6.k27l 

10.827110.8251 

PKtSSUWE  PUBFItt  0*T« 


SYSTEM  LIQUID  BIPMOPELLANT 

PC  1000.  PSU 

1  rij  11 

DENS  I  TV 
GM/CC 

HEAT  FaRH 
(KCU/FORN.WT. 

'UT«  B/B 

1 

es«2  Fa 

l.st 

•3.%T 

60. 

ao.ii  H2 

^OTT 

-1.W7  -  - 

208 

HULK  DENSITY  •  TJWTIHTCC 

KIXTUKE  KKTiE  «  H.OOO  L«  EKIOIIER  J»E_fUEL 


_ PKESSUKE  PKEFILE  0»T« 

CMAKBEK  ENTHaPY  SST.aO  EU/IOOGWS 


CH^ER 


THRBAI 


PRESSURE  f  PSn 
TERP.  DEC  K 

FRTmuwn 

CP 

IRPUL  ePT  ~ 
IMPUL  VAC 

EPsutm 


FRSIEN  EXPAMSISN 

^l(ra5“3Wtf.r“TW.5  ^1(r  15715  15770  TKOO  J^WT . I75B5  ;5M - iTOO  5W76 

2855. A  230A.0  IRA2.S  IAS8.3  tlAI.2  9SS.2  88S. I  682.7  S2S.i  803.9  310.3  23S.2  2878.6 

genii  ■?;oo  150.41 — 138.98  ns.ei  507.27  213.91 — g33.1y~  ne.85  su.tj  ges.bo  -nv-n  bvm 

1.0897  1.0108  .9679  .9232  .8836  .8679  .8592  .8863  .8822  .8800  .8387  ,8286  1.0252 

222.83  298. 12  387. 68  381781  39T707  806.83  858.89  831.89  887.92  85578T  86 1 . 39  188.55 

330.68  363.16  391.89  813.08  822.99  829.18  881.29  850.82  857.38  862.59  866.72  328.83 

- 17051 - I75T1 - 2.388  8.808^  i.817  8i793  13.311  TOTSST” 5r.895  TO9.S02  205788T  r.ODO 


- SHI9IIR0  3IP3N5IBN - 

PRESSUREt  RSIA  1000  398.1  158.5  63.10  25.12  18.70  10.00 

TERPi  OEC  "8  585578  538973  1  b92 .0  T50T7T  1T7977  101  f .9  91570" 

ENTHALPY  1-1  26.03  83.39  129.98  16T.21  196.58  210.61  219.50 

X  8aR  T2. 088  15.037  12.027  15.028  157058  12.026  12.023 

N  12.088  12.037  12.027  12.026  12.026  12.026  12.026 


CP - 

IRPUL  8PT 
IRPUL  VAC 
EPSILON 


T;735e  XOT33 — rOtTT 
223.39  300.71 

335708  '  388713 
1.053  1.582 


9590 — 78883 - 78899 - 78599 

350.85  385. 18  800.72  810.25 

395700  Tf8.9T  ■"857.15  "8337"88 
2.706  8.889  6.886  8.886 


3.981  1.585  .651  .251  .100  586.8 

70377 - 589.-5" — 87077 - 35571 - 25577-5519."3  " 

237.26  250.96  261.50  269.58  275.98  68.90 

■.O2e~1T.O2i"~T2702S-  157058 — 15.023  157089 

12.026  12.026  12.026  15.026  12.026  12.088 


■70853 - 70871 - 70395 - 70380 - .0270  1.1597 

820.67  882.38  852.59  860.29  866.30  103.90 

16.898  30.925  58.813  110.999  209.817  1.000 


'68.50  P*H 
.00  P2 
52.10  H 
.00  H2 


"70IIU3'  .0000 
8.2102  8.2105 
.0080  ■  .0000“ 
. 1 158  .0231 
7  .■7577“7.  8039 


CORPOSITION  SHIFTINC  IN8L/100  OHl 


”70000 — 70000” 
8.2105  8.2105 
70000” 


'7000U 

8.2105 

.0009 

.0000 


"70009 

8.2105 

70000 

.0000 

770159 


70000“ 
8.2105 
•  0009 
.0000 


:ouu9 

8.2105 


.0000 


.0000' 

8.2105 


.0000 


.OWOT 

8.2105 


.0000 


.0000 — .0091 
8.2105  8.2105 
9009"  .8000 
,0000  .0833 


.0000 

8.2105 

"70000” 

.0022 


.0001 


.0000 

.0000 


■66- 


SVSTiM  LIQUID  til 


K  1000.  tiU 


fi  '  l.Sl 

?o.k  H2  .on 

YMIEM  COAiitliN 


CC/P  P  PSU  T£HP  IMTHALPY  CP  CAL/  I  OPT  OCLVAC 
DEC  K  KCAL/IOOCP  C*<  OCC 
l.ooe  1000. 000  2ISS.A  -2A.O5  I.OSO 
l.tAj  U2.AA2  2AT0.A  -AS.  1}  t.02S  Ut.A  lAO.A 

10.607  «A.2ei  lAAA.O  -UT.AA  .«A6  S2S.A  SI. 6 


10.000 

121.913 

«.201 

•  38. S 

-219.92 

.856 

610.7 

21.3 

2.600 

627.6 

632.0 

11.000 

1U.160 

7.085 

805.5 

-222.73 

.855 

6T1.7 

20.5 

roTo 

627.T 

8Sr.9 

12.000 

Ul.tSO 

6.206 

776.6 

-225.20 

.851 

6U.S 

19.5 

3.134 

630.6 

655.7 

13.000 

181.66* 

5.505 

750.9 

-227.14 

.850 

618.5 

11.7 

5.601 

853.5 

857.1 

16.000 

202. S07 

6.930 

727.9 

•229. 16 

.969 

620.6 

16.1 

632.6 

638.6 

k.Ott  600.2  -2S2.7a 
S.TSS  670.9  -2)6.16 
il.AlS  ASS.t  •2iS.S0 
3.160  660.6  -236. 7h 

2.602  626.0  -267.04 


067  626.0 
066  62S.S 
06S  626.6 
06S  620.1 
066  626.1 


17.0  6.166 

U.S  6.613 
16.0  6.666 
IS.6  6.676 
IS. 2  S.2S6 


611.6  661.0 

636. 5  662.0 

616.4  662.6 

63S.3  663.8 

635.6  666.6 


.061  660.S 
.061  661.1 
.061  661.0 
.861  662.6 
.061  661.0 
.881  W3.S 
.061  666.1 
.861  606.0 
.061  66S.1 

.861  665.0 
.060  666.0 
,888  880.8 
.060  660.* 
.868  667.3 
.060  667.7 
.860  669.0 
.060  660.6 

.060  66*.  I 
.860  668.6 
.060  66*.0 
.869  630.1 


661.2  6SS.9 

661. T  638.3 
656.7 
655.2 
655.6 


12.2  0.*57 

17.1  9.71* 

It.*  *.502 
11.8  «.T03 

11.0  10.066 
ii.S'ny.oiA  ■■  — 
11*6  10.623 

11.5  10.8*9 

11.1  11.176 
11.0  11.660 
to.*  11.716 

lO.-W  M.fM  — 
•0.7  12.267 
10.0  12.300 

10.5  12.766 

10.6  13.021 

10. 5  13.272 

26.6  1.7*7  600.7 

-07- 


660.  r  i.ros 

608.7  626.1  627. I  1.S56  1.637 


PftOFILC  data 

SYSTEM  LlClilO  eiPROPELLANT  PC  1000.  PSIA 

CflMPflNENT  TAEf  FORMULA _ DENSITY  HEAT  PORH _ WT.  9/0 

DECK  GH/CC  (KCAL/FORM.WT. ) 

85,2  F2  1.51  -5.47  85. 

20.4  H2  0.071  -1.887  15. 

eULK  DENSITY  •  .574  GH/CC 

_ FIXTURE  RATIO  ■  5.667  Lfl  0XI012ER  /  LB  OF  FUEL _ 

_  .P«£S5yR^  PROFILE  DATA  _ 

_ _  CHAH6ER  ENTROPY  466.63  EU/IOOGMS . . . 


CHAPBER 


THR^T 


FROZEN  EXPANSI ON 


PRESSURE, 

PSIA 

loco 

398.1 

158.5 

63.10 

25.12 

14.70 

10.00 

3.981 

1.585 

•  631 

.251 

.100 

543.5 

TEMP,  OEG 

K 

3434.7 

2782.9 

2234.9 

1778.8 

1601.0 

1212.6 

1091.3 

642.9 

647.9 

497.0 

381.1 

291.6 

2991.8 

ENTHALPY  1 

1-) 

21.80 

77.98 

123.29 

159.52 

188.21 

201.98 

210.69 

228.  13 

241.56 

251.87 

259.77 

265.84 

60.31 

CP 

.8687 

.8415 

.8103 

.7763 

.7409 

.7223 

♦  7118 

•  6934 

.6847 

.6828 

.6804 

•  6766 

.8506 

IHPUL  OPT 

221.07 

297.13 

346.12 

380.47 

395.90 

405.35 

423, 6T 

437.23 

6*>.  56 

454.98 

460.75 

183.02 

IMPUL  VAC 

328.79 

361.49 

390. 10 

411.98 

422.11 

428.39 

440.68 

449.90 

456.87 

662.15 

666.17 

322.90 

EPSILON 

1.051 

1.578 

2.708 

4.874 

6.931 

8.951 

16.617 

31*085 

58.561 

110.877 

210.434 

l.ooo 

' 

shifting  expans 

ION 

•- 

PRESSURE, 

PSJA 

1000 

398.1 

158.5 

63.10 

25.12 

14.70 

10.00 

3.981 

1.585 

.651 

.251 

.100 

557.6 

TEMP,  OEG 

K 

3439.7 

2941.1 

2454.3 

15*7.0 

1381.9 

1248.0 

•tT.T 

751.0 

578.6 

665.1 

SiTTi) 

3ni.9 

ENTHALPY  i 

1-) 

21.80 

79.17 

127.20 

166. SS 

198.15 

213.44 

223.17 

242.74 

257.92 

269.63 

278.66 

285.57 

59.28 

X  BAR 

9.898 

9.767 

9.699 

9.680 

9.677 

9.677 

9.677 

9.677 

9.677 

9.677 

9.677 

9.677 

9.807 

N 

9.898 

9.767 

9.699 

9.680 

9.677 

9.677 

9.677 

9.677 

9.677 

9.677 

9.677 

9.677 

9.807 

CP 

U44  34 

1.1613 

.9319 

.8095 

.7571 

•  7340 

.7202 

•  6961 

.6825 

.6767 

.6757 

.6721 

i.2655 

IMPUL  OPT 

223.39 

30Z.79 

354.85 

391.67 

408.30 

418.53 

438.40 

65J.21 

464. 31 

672.69 

679.01 

180.55 

IHPul  VRC 

334.55 

370.76 

401.84 

625.57 

436.61 

443.48 

456.94 

667.07 

"676.76 

680.  sT 

686.99 

527.15 

epsilon 

1.062 

2.832 

5.133 

7.328 

9.488 

17.712 

33.270 

62.840 

119.276 

227.597 

l.ooo 

COMPOSITION  SHIFTING  IMOL/lOO  GM) 

18.86  F 

•  0054 

•  OOlO 

.0001 

.0000 

.0000 

.0000 

•  0000 

•  0000 

.0000 

.0000 

•oooo 

•  0000 

•  0020 

-64.50  F*H 

4.4683 

4.4727 

4.4736 

4.4737 

4.4737 

4.4737 

4.4737 

4.4737 

4.4737 

4.4737 

4.4737 

4.4737 

4,4717 

.00  F2 

.0000 

.0000 

.0060 

.0066 

.0006 

.0666  “ 

.0000 

.W60 

.0000 

.0000 

.55wr 

.0006 

•  0000 

52.10  H 

•  4357 

.1775 

•  0440 

.0053 

•  0003 

.0000 

•  0000 

.0000 

.0000 

.0000 

•  0000 

•  0000 

.2580 

.00  H2 

4,98e5 

5.1154 

5. 1817 

5.2010 

5.2035 

5.2036 

5.2036 

5.2036 

5.2036 

5.2036 

5.2036 

5.2036 

5.0756 

0/9 


SV&TCf  lliUIO  OlMOrUkAMt 
CeM»OK(Nt  tklf  fOMMUL* 
_ fiU-fi- 


>.2  ft  l.)l 

20»^  ni  o.ori 

fR«2CN  IK^ANStOM 


PC  1000.  PilA 

OCNSIT/  HCAf  POKH 
GW/CC  UCAL/POlH.m. 


i 

STOP  • 

•229.1 

P7/«C 

EPSILON 

PC/P 

P  PSii 

7EMP 

fN7H6LPT 

CP  C8L/  1  OPt 

OEIVAC 

OEIVAC 

1  SE6 

1  87 

1  87 

1  VAC 

CP  SEA 

CP  VAC 

/P 

10000 

90000 

l.OCO 

iCOO.COO 

3639.7 

-21.80 

.86* 

l.OOO 

1.860 

561.526 

2991 .8 

-60.31 

.891 

101*0 

139.9 

.297 

3)9.1 

120.3 

122.9 

322.9 

1.260 

1.299 

2.000 

10,682 

95.601 

2007,1 

-161.66 

.799 

321.0 

91.9 

.966 

167.7 

170. 1 

176. ■ 

379.7 

1.629 

1.660 

ia.9ca 

52.088 

1705.5 

-169,20 

.770 

)S).2 

.780 

303.0 

116.9 

19), 2 

396.9 

1.601 

1.911 

A.OOO 

10.081 

11.262 

1517.) 

-179.93 

.792 

370.9 

39.0 

1.092 

190.0 

196.7 

601.7 

605.5 

1.919 

1.976 

.739 

101.7 

31.1 

1.208 

391,9 

194.6 

610.6 

♦  W.0 

1.930 

1.606 

6.000 

54.875 

18.221 

1286.8 

-196.61 

.729 

390.0 

20.2 

1.969 

195.6 

602. 1 

615.9 

610.2 

1.937 

1.624 

7.000 

69.082 

16.675 

1207.9 

-202.13 

396.3 

26.1 

1.802 

601.9 

619,3 

622.6 

1.661 

0.000 

86,596 

11.821 

1161.2 

-206.49 

.716 

601.6 

26.6 

2.062 

606,6 

622.2 

625.7 

1.696 

9.000 

ICO. 815 

9.917 

1010.8 

-210.16 

.712 

605.5 

23.0 

2,317 

626.6 

620.5 

1,669 

10.000 

1  18.521 

8.617 

1062.2 

-216.17 

.  708 

60*. 1 

21.0 

2.906 

626.9 

6)0.9 

1.676 

.709 

612.1 

20.0 

2.892 

620.0 

6)2.9 

1.602 

12.000 

156. 6C7 

6.  385 

966.0 

-219.55 

.702 

616.0 

19.9 

3.120 

629.6 

5)6.7 

1.609 

1 1.000 

1 76.61C 

5.662 

916.2 

-221,77 

.700 

412.1 

19.2 

3.  306 

6)0.9 

636.2 

1.699 

16.000 

197, 0C6 

5.076 

905.7 

-223.76 

.648 

61*. 2 

10.5 

3.662 

6)1.4 

617.6 

1.701 

15.000 

217.611 

6,  595 

879,9 

-229.56 

.696 

621.0 

IT. 9 

3.091 

632.1 

631.9 

1.709 

16.000 

238.170 

6.  195 

856.6 

-227.  19 

.696 

622.7 

11.) 

6.  1)2 

6)1.0 

660.0 

1.710 

17,000 

260,259 

1.862 

816.9 

•228.68 

.693 

626.2 

16.0 

6.)a) 

6)1.6 

661.1 

1.716 

I  6  .'uOO 

286.6  76 

1.515 

015.1 

-2)6.06 

.692 

625.6 

16.6 

6.661 

636.1 

66175“ 

k.Tl0 

19.000 

109.185 

1.212 

796.0 

-2)1.12 

.691 

626.* 

16.0 

6.960 

6)6.5 

662.9 

1.721 

20.000 

136. 8(7 

2.984 

779.0 

-2)2.50 

.690 

620.1 

15.6 

9.210 

6)6.0 

661.7 

1.726 

21.000 

160.881 

2.  771 

766.0 

-211.54 

.689 

624.2 

15.2 

5.696 

6)5.1 

666.5 

1.727 

22.000 

187.266 

2.  582 

769.2 

-2)6.61 

.680 

630.3 

16.9 

5.  760 

615.) 

669.2 

1.730 

6)1.2 

16.6 

6.0)0 

6)1.5 

669.0 

1.732 

26.000 

660.826 

2.268 

722.) 

-216.66 

.&*? 

6)2.1 

16.1 

6.102 

6)5.7 

666.6 

1.739 

25.000 

667.81  7 

2.  116 

710.0 

-237,11 

.607 

6)1.0 

16.0 

6.562 

615.0 

667.0 

1.737 

26.000 

696.850 

2.C2I 

690.6 

•216.10 

.686 

6)1.0 

13.0 

6.015 

6)5.9 

667.9 

1.739 

27.000 

521.855 

I.4U 

607,6 

.606 

6)6.5 

13.5 

7.062 

6)6.0 

660.1 

1.761 

28.000 

568.774 

1.622 

676.9 

-2)9.57 

.686 

6)5.2 

11.) 

7.302 

6)6.1 

660.6 

29.000 

575.560 

1.  717 

667.0 

-260.29 

.689 

6)5.* 

11.1 

7.535 

616.2 

669.0 

1.769 

10.000 

6C2.232 

1 . 660 

645.6 

-/60.i^ 

.689 

6)6.6 

7.762 

669  .T" 

T7T67~ 

11.000 

621.718 

1.591 

660.6 

-261.51 

.685 

6)7.2 

12.7 

7.902 

669.4 

1.761 

12.000 

654.763 

I. 516 

660.0 

-262.10 

.605 

617.0 

12.5 

0.251 

690.1 

1.790 

n.ooo 

641.750 

1 . 666 

631.0 

-262.66 

.606 

6)0.1 

12.) 

0.5)1 

690.7 

1.791 

16.000 

726.2 17 

1  .  )6l 

623.4 

-261.20 

.686 

618.4 

12.2 

0.004 

691.0 

1.79) 

15,000 

757. 1«8 

1.321 

616.6 

-26).  72 

.606 

6)9.6 

12.0 

9.004 

691.6 

1.796 

16.000 

740.568 

1.265 

609.1 

-266.21 

.606 

619.9 

11.0 

9.  166 

6U.T 

TTTO 

17.000 

826.160 

1 .21  1 

602.1 

-266.64 

.606 

660.) 

11.7 

9.666 

652.0 

18.000 

858.667 

1.  165 

545.6 

-269.15 

.606 

660.0 

11.6 

9.921 

652. 1 

19.000 

842.411 

1.  120 

504.0 

•265.54 

.686 

661.2 

U.6 

10.197 

652.6 

1.799 

60.000 

927.617 

I.C76 

502.1 

•266.02 

.686 

661.6 

11.) 

10.672 

652.4 

61,000 

962. 6C6 

1.CS9 

-266.61 

.6*9 

662.0 

11.2 

10.765 

693.2 

1.761 

62.000 

447.785 

I.C02 

571.0 

-266.02 

.68) 

662.6 

II. 0 

11.016 

6 1.000 

1031.1  )4 

.966 

565.6 

-267.20 

.60) 

662.0 

10.4 

11.205 

691.7 

1.763 

66.000 

1066.61) 

.936 

560.0 

-267.57 

.68) 

661.2 

tc.i 

11.551 

696.0 

1.766 

65.000 

1 tC6.2 17 

.906 

556.7 

-261.4) 

.60) 

661.5 

10.7 

11.015 

656.2 

1.769 

66.000 

ll  14.414 

.877 

564.6 

•260.20 

.60) 

661.9 

10.6 

12.076 

656.5 

1.766 

67.000 

.151 

544.7 

-268.61 

.60) 

666,2 

10.5 

12.3)6 

656.7 

1.767 

68.000 

12U.6C6 

.825 

5)4.4 

-268.46 

.681 

666.4 

10.6 

12.509 

6i6.P 

l.t60 

69.000 

1267.161 

.802 

5)5.1 

•269.26 

.68) 

666.0 

10.) 

12.060 

695.1 

1.764 

>0.000 

1262.841 

.  779 

5)0.0 

-269.56 

.60) 

665.1 

10.2 

1 1.000 

655.) 

1.764 

6.411 

68.066 

16.696 

1212.0 

-201.40 

.722 

195.9 

26.2 

1.  706 

195.9 

601.8 

614.1 

622.1 

1.9)0 

1.660 

SNiPtIMC  flP*NSI9N 

C 

ST6P  • 

8650.4 

P7/SEC 

EPSUON 

•  C/P 

P  PSU 

lEAP 

ENt»-6LPT 

CP  cat/  1  0PI 

0flV6C 

oelvac 

1  SEA 

1  87 

1  67 

1  VAC 

C7  SEA 

CP  VAC 

/p 

loooe 

50000 

l.OCO 

ICOO.COO 

1614.7 

•21.00 

1.663 

1.000 

1.74) 

557.563 

)W1.4 

•SO. 20 

1.266 

109.S 

144.4. 

.26) 

123.) 

126.9 

)?6.7 

127.2 

1.266 

1.210 

2.000 

4.6  10 

103.666 

2266.4 

•161.45 

.070 

126.0 

57.1 

.550 

179.0 

178.2 

182.9 

>01.4 

1.629 

1.660 

1.000 

17.6  77 

57.219 

1469, 1 

-170,04 

.802 

194.1 

65.6 

.79) 

192.9 

146.6 

603.2 

606.5 

1.696 

1.514 

6.000 

27.6  72 

35.876 

1766.6 

-106.00 

.  276 

170.0 

10.6 

1.075 

6^0.0 

605.6 

616.0 

616.6 

1.926 

1.505 

.799 

140.3 

36.3 

1.120 

609.) 

611.1 

422.6 

1.562 

1.615 

6.000 

50.586 

19. 766 

1641.9 

-239.15 

.  766 

144.6 

ll.l 

1.501 

607.6 

616.6 

620.0 

6)0.  7 

1.990 

1.610 

7.000 

61.617 

15. 716 

1606.0 

-2)1.60 

.  737 

606.) 

24.0 

1.061 

600.2 

616.6 

6)2.2 

6)5.) 

1.993 

1.656 

8.000 

77.666 

12.676 

1 115.0 

•216.07 

.  729 

611.4 

27.1 

2.106 

617.6 

6)5.5 

6)4.0 

1.670 

9.000 

42.568 

10.605 

1276.6 

-221.27 

.723 

616.6 

25.6 

2.  169 

617.0 

6)0.1 

662.1 

I.6I2 

10.000 

IC8.248 

9.236 

1222.2 

-225.0) 

.710 

620.9 

26.) 

2.616 

660.) 

666.8 

1.642 

11.000 

7.486 

.713 

*23.0 

.  llai 

2j_407 

652.1 

667.0 

12.000 

162.867 

7.  COO 

ll  16.5 

-211.15 

.  710 

626.0 

22.) 

3.  102 

651.6 

664.0 

1.700 

1 1.000 

161.118 

6.207 

UOO.  6 

-2)3.64 

.  707 

624.3 

21.6 

3.655 

555.9 

450.8 

16.000 

1 74.862 

5.560 

1060.) 

-2)5,47 

.  706 

611.6 

20.7 

1,72) 

656.0 

652.) 

1.720 

15.000 

148.8  75 

5.C26 

10)9.0 

-210.02 

.701 

631,7 

20.0 

3.905 

656.9 

651.7 

1.726 

16.000 

218.096 

6.565 

1012.) 

-2)9.04 

.699 

6)5.6 

14.6 

6.260 

.697 

637.3 

6.607 

651. 5 

656.2 

1.7)9 

18.000 

257.516 

J.06) 

965.2 

-261,10 

.696 

6)0.0 

10.6 

6.7)0 

659.2 

6977T" 

1.7)9 

19.000 

274.914 

3,572 

966.2 

-266.66 

.696 

660.3 

17.4 

5,022 

659.7 

658.2 

1.76) 

20.000 

1C2.46} 

3.  301 

926,7 

-265.44 

.693 

661.6 

17.5 

5.307 

650.  1 

654.  1 

1.746 

21.000 

126.521 

1.063 

906.5 

-267.25 

.692 

662.4 

17.1 

5,591 

650.6 

660.0 

1.790 

22.000 

150.5  30 

2.651 

099.5 

-260.6) 

.690 

666.0 

16.0 

5.071 

650.7 

660.8 

1.793 

21.000 

176. 4C9 

2.66? 

071.5 

-264.51 

.669 

665.1 

16.6 

6.  156 

651.0 

661.5 

1.799 

26.000 

144.580 

2.  50) 

050.5 

-250.57 

.600 

666.1 

16.1 

6.631 

651.3 

662.2 

1.790 

25.000 

626.667 

2.  156 

066.) 

-251.56 

.600 

667.1 

15.0 

6.706 

651.6 

662.8 

1.760 

26.000 

669.696 

2.225 

0)0.9 

-252.66 

.607 

667.9 

15.5 

6.973 

651.6 

661.5 

1.763 

27.000 

676.610 

2.107 

010.1 

-251.16 

.606 

660.0 

15.2 

7.2)6 

651. 7 

6*6,0 

1.769 

28.000 

699.766 

2.C0I 

006.0 

-256,  17 

.609 

669.6 

15.0 

7,696 

691.0 

666.6 

29.000 

526.851 

1.905 

796.5 

-256.45 

.699 

650.6 

16.0 

7.761 

651.9 

669.1 

1.769 

10.000 

569.804 

1.819 

703.6 

-255, 70 

.686 

6«l.i 

i6:r 

651. • 

669.6 

11.000 

576.826 

1.760 

773.1 

-256.62 

.686 

651.8 

16.) 

0.224 

652.0 

666.1 

1.773 

12.000 

599.661 

1.668 

763.1 

-257.  10 

.683 

652.6 

)6.1 

0.661 

666.5 

1.774 

11.000 

626.122 

1.602 

753.5 

-257, 79 

.683 

653.0 

13.4 

0.600 

667.0 

1.776 

16.000 

652.256 

1.5)1 

766.6 

-298.30 

.682 

653.6 

11.7 

0.956 

667.6 

1.770 

735.6 

-298.90 

.682 

656.2 

11.5 

9.237 

667.8 

1.779 

16.000 

711.810 

1.605 

727.1 

-299,99 

.681 

656.8 

11.4 

9.521 

660.1 

1.701 

17.000 

742.265 

1.16  7 

719.0 

•260.11 

.681 

655.1 

13.2 

9.005 

660.5 

1.702 

18.000 

771.062 

1.296 

711.2 

-260.66 

.681 

655.8 

13.1 

10.004 

660.4 

1.70) 

19.000 

6C6.I4I 

1.261 

703.6 

-261.15 

.680 

656.3 

12.4 

10.371 

669.2 

1.709 

60.000 

615.66} 

1.197 

696.6 

•261.65 

.680 

656.8 

12.0 

10.657 

669.5 

1.706 

61.000 

067.629 

1.  15) 

609.3 

•262.1) 

.680 

657.2 

12.6 

10.9)4 

669.0 

1.707 

62.000 

694.660 

1.U2 

682.6 

-262, 

.680 

6l».f 

IKS 

ll.22o 

“676. r 

l.f80 

63.000 

911.726 

1.07) 

676.0 

-263.03 

.679 

658.1 

12.3 

11.900 

670.6 

1.709 

66.000 

966.190 

1.017 

669.6 

-163.66 

.679 

658.5 

12.2 

11.774 

670.7 

1.790 

65.000 

996.050 

1.003 

663.9 

•263.88 

.679 

650.9 

12.1 

12,056 

671.0 

1.741 

66.000 

1029.651 

.971 

657.9 

-266.21 

.679 

699,3 

12.0 

12.3)0 

671.) 

1.792 

67.000 

1062.962 

.961 

691.8 

-266.60 

.679 

699.7 

11.9 

12,602 

671.9 

1.79) 

66.000 

1095.610 

.911 

666.2 

•269.06 

.678 

664.6 

H.T 

12.072 

611.0 

1.T94 

69.000 

1128.711 

.086 

660.7 

-269.63 

.678 

660.6 

11.6 

13.160 

672.0 

1.799 

50.000 

1161.070 

.861 

619.6 

-269.70 

.678 

660.7 

11.9 

13.606 

672.2 

1.796 

7.328 

60.066 

16.696 

1381.9 

-711»94 

.23* 

600.3 

28.3 

1.927 

600.  1 

616.8 

6)1.3 

636.6 

1.993 

1.661 

t 


P81.iSUR£.J»ftaFKE  DAtA 

SVSTEM  IICUIO  BlPftdPELLANT  PC  1000.  PSIA 

CflMPflKEKT  TREP  POBHULA _ DCNSITY  HEAT  FORM _ WT.  0/fl 

OEG  K  GH/CC  (KCAl'/FORM.WT.) 

05,2  F2  l:.5l  -3.47  09, 

20.4  H2  0.071  -1.007  11. 

eULK  OCNSlW*  .440  CM/CC 

_ MIXTURE  RATIO  »  8.091  LB  OKlDIZER  /  LB  OF  FUEL _ 

_ .  P«eS$VP£  PAeFlLC  data  ^ 

_ CHAMBER  ENTROPY  405.19  EU/1006MS _  _ 


CHAMBER 


THROAT 


F^ROl  EN_  EXPANS  I  ON 


PRESSURE,  PSIA 

ioco 

398.1 

150.5 

63.10 

25.12 

14.70 

10.00 

3.901 

1.505 

.631 

.251 

.100 

543.0 

TEMP,  DEG  K 

3973.1 

3204.9 

2560.5 

2042..  7 

1609.1 

1393.5 

1253.0 

967.2 

740.9 

565.7 

431.5 

329.3 

3447.9 

ENTHALPY  (-) 

10.42 

72.44 

115.00 

150.57 

170.03 

191.21 

199.56 

216.25 

229.00 

230.09 

246.30 

252.07 

55.52 

CP 

.112* 

•  6931 

.671* 

.6461 

.6191 

.6031 

.5922 

.5730 

.5624 

.5505 

.5575 

•  5554 

.6997 

IMPUL  OPT 

216.76 

291.17 

339.05 

372.61 

307.70 

396.96 

414.04 

420.00 

437.93 

445.31 

*^5.83 

ft'9.63 

IMPUL  VAC 

322.23 

354.09 

382.02 

403.42 

413.33 

419.40 

431.47 

440.42 

447. J5 

452.22 

456.04 

316.54 

EPSILON 

1.051 

1.S7* 

2.701 

4.063 

6.910 

0.934 

16.566 

30.093 

57..17 

109.110 

206.633 

1.00  b 

■  SMfFT  INC  EXPANS  ION 

. 

_ . 

PRESSUH6,  PS1« 

lOCO 

398.  1 

1S8.S 

63.10 

25.12 

14.70 

10.00 

3.901 

1.505 

.631 

.100 

562.3 

TEMP,  OEG  K 

3973.1 

3404.9 

3025.5 

2570.6 

2115.3 

1063.7 

1694.9 

1337.6 

1044.0 

808.3 

nrro 

*79.* 

"366572“ 

ENTHALPY  <-) 

10.42 

74.05 

121.65 

162.01 

195.52 

212.04 

222.66 

244.22 

261.14 

274.30 

204.46 

292.29 

54.20 

X  BAR 

«.2St 

0.067 

7.926 

7.839 

7.005 

7.000 

7.  799 

7.798 

7.790 

7.790 

7.790 

7.798 

8.131 

N 

«.291 

0.067 

7.926 

7.039 

7.005 

7.000 

7.799 

7.790 

7.790 

7.790 

7.790 

7.798 

8.131 

CP 

1.62CI 

1.3822 

1.1C82 

.0497 

•  6060 

•  6402 

•  6190 

•  5000 

•  5650 

.5517 

.5**2 

•  5449 

1.4771 

IMPUL  OPT 

219.90 

299.66 

353.42 

392.50 

410.40 

421.50 

443.19 

459.50 

*71.79 

401.07 

400.09 

176.41 

IMPUL  VAC 

330.46 

360.04 

402.71 

420.86 

441.02 

448.61 

463.54 

*>♦.82 

403.34 

*89.85" 

494.72 

322.38 

epsilon 

1.069 

1.601 

3.009 

5.576 

0.026 

10.442 

19.607 

37.226 

70.513 

133.092 

255.042 

1.000 

composition  SHIFTING  IMOl/100  CM) 

18.06  F 

.0305 

.0126 

.0029 

•  0004 

.0000 

.0000 

.0000 

•  0000 

.0000 

•  0000 

•  0000 

.0000 

.0197 

-64.50  F«M 

4.6457 

4.6716 

4.6013 

4.6039 

4.6042 

4.6042 

4.6042 

4.6042 

4.6042 

4.6042 

4.6042 

4.6042 

4.6645 

.00  F2 

.0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

.0000 

.0000 

.0000 

.0005“ 

.0000 

.06SS~ 

52.10  H 

•  0660 

.5239 

.2510 

•  0002 

.0120 

.0029 

•  0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.6457 

.00  H2 

2.70C5 

2.0586 

2.9090 

3.0743 

3.1070 

3.1120 

3.1130 

3.1142 

3.1142 

3.1142 

3.11*2 

3.1142 

2.0013 

70- 


SVST£M  UGUiD  IlfMPftUJtl 
CaMPflNENT  t«tP  PaftHULA 

_ UfiJ _ 


1000.  fSlA 
OCMSIfV  HEAT  reiiH 


PC/P  P  PSIA 


l.OCO  ICOO 

I.BA2  S42 
10.441  44 

14.44)  92 

10.(44'  )1 

99.041  14 

64.2T4  14 

44.427  11 

1C1.129  4 

114.474  4 


ICMP 

OiS  t 


147). 1 
)447.4 
2)02.7 
(494.4 
1740.7 
1941.0 


ENTHALPT 

ACAL/iOOCH 


1.91 

AH2 _  0.071 

PA42EN  EtPAIBSlON 
C  SfAA  •  4112,4  Pr/$fC 
CP  CAL/  I  «Pt  OfiVAC  OELVAC 

_ It _ 


.712 


).47 

l.ll? 


I  SEA 
CAL 


I  AT 

IQOQQ 


I  AT  I  VAC 


CP  SEA  CP  VAC 

t-VL _ 


PC/P  P  PSIA 


1  .000 
2.000 
).000 
4.000 
9.000 
4.000 

7.000 
4.000 
4.000 
10.000 
11.000 
12.000 
19.000 
14.000 
19.000 
14.000 
(7.000 
14.000 
14.000 
20.000 
21.000 
22.000 
2). 000 
24.000 
29.000 
24.000 
27.000 
24.000 
24.000 
10.000 
31.000 
12.000 
19.000 
14.000 
19.000 
14.000 
37.000 
14.000 
34.000 
40.000 
41.000 
42.000 
49.000 
44.000 
49.000 
44.000 
47.000 
44.000 
44.000 
90.000 
4.026 


l.OCO 

I.M4 
4.4U 
19.4C4 
24. An 

44.442 
99.427 
«7.no 
«0.9f6 
43.493 
IC4.0S? 
123.099 
I  34.464 

1  94. T 77 
171.242 
144.074 
2C9.0<4 
222.144 

2  14. 1t9 
297.247 
277.120 
247.4  M 
314.164 
1)4.240 
360. 704 
342. 4C2 
4C4.1C4 
424.177 
4^4.9^ 

470.414 
449.1 10 
919. 4C0 
917.660 
994.464 
982. 0C( 
404.091 
424.011 
690.444 
477.042 
709.949 
730. 4CI 
797.927 
744.441 
412.424 
440.964 
468.730 
447. IC7 
429.474 

494.414 
441.907 

64.044 


U2 


COO  )4T).| 
293  3463.2 
214  2474.4 
63.240  2972.9 
40.204  2194.1 
litiSA 

22.901  2063.) 
17.4(3  1496.1 
14.769  1669.4 
12.4(1  t7A4.4 
10.644  1721. 4 

JAAJ.iS 
4.  126  1610. 7 
7.212  1961.7 
4.441  1921.2 
9.4)4  1442.9 
9. }( 7  (447.0 
_9»J74X9U*i_ 
4.90i  1344.0 
4.174  1)99.4 

3.447  1  124.4 
3.604  1309.0 
3.362  1241.4 

1.  14J 

2.447  1234.4 
2.772  1220.2 
2.419  1201.4 
2.47)  1144.) 

2. )49  1147.4 
2.229  1191 


.124  11)4.9 
.024  U22.0 
.440  1104.1 
.440  1044.4 
.744  1082.0 
•  7J(8  1064.7 
.499  1097.4 
.947  1044.9 
.9)4  10)9.9 
.477  1024.4 
.421  1014.7 
.  )44  1^04.^ 
.)20  449.2 

449.9 
974.4 
464.2 
994.8 
_49l.9_ 
44).  4 
4)9.8 
424. 


-55.92 

.)00 

174.4 

1>*.9 

.292 

3)2.8 

)14.0 

314.1 

314.9 

1.261 

1.299 

-1)3.41 

.640 

317.4 

90.4 

.934 

360.2 

362.4 

)47.2 

348. 1 

1.624 

1.460 

-194, IJ 

.641 

344.2 

♦0.2 

.744 

)79,2 

}ri,* 

319.1 

314.4 

1.688 

1.9)3 

-149.83 

.628 

343.0 

34.1 

1.031 

382.0 

346.9 

199.6 

347.  1 

1.919 

1.979 

.  -L?«j  15 

..  till 

273,4 

30.3 

1,2*2 

3#9,7 

341.3 

602.1 

*06.  3 

1.930 

1.40) 

-144.14 

.604 

342.0 

27.6 

1.918 

387.2 

346.0 

607.0 

604.9 

1.934 

•191.42 

.603 

388.2 

29.9 

1.749 

399.9 

6)0.4 

611.4 

1.460 

-194.07 

.947 

34). 1 

23.4 

2.020 

346.2 

613.9 

614.9 

1.496 

-194. 74 

.94* 

347.2 

22.6 

2.270 

619.4 

614.4 

1.466 

-202.44 

.988 

400.7 

21.3 

2.931 

417.4 

622.0 

i.47) 

-209.  70 

,989 

♦03.6 

20,3 

2.749 

614.2 

621.4 

-2Ci.tl 

.982 

404.2 

14.9 

3.097 

■626.4 

624  .T 

■T.48f 

•210.24 

.974 

408.9 

18.7 

3.319 

621.9 

627.2 

1.446 

-212.14 

.977 

410.9 

18.0 

3.947 

622.9 

628.4 

1.700 

•213.86 

.979 

4|2,3 

17.4 

3.812 

623.) 

624.8 

1.703 

-219.43 

.974 

414.0 

14.4 

4.048 

*26.0 

6)0.4 

1.704 

-214.84 

.972 

419.9 

14.4 

4.249 

*26.6 

6)1.4 

1.71) 

-214. 1 7 

.971 

414.8 

14.0 

4.947 

629.0 

4)2.8 

i:5i5 

-214. 34 

.970 

418.1 

19.6 

4.440 

629.6 

6)). 7 

1.720 

-220.91 

.964 

414.3 

19.2 

9.112 

629.  7 

6)6.9 

1.72) 

-221.94 

.968 

420.4 

14.8 

9.383 

424.0 

6)9.2 

1.726 

-222.99 

.947 

421.4 

14.9 

9.490 

424.2 

639.4 

1.724 

-223.49 

.944 

422.3 

14.2 

9.414 

424.6 

616.9 

1.731 

-224. 91 

.944 

423.2 

13.4 

4.172 

624.4 

6iT:r 

17716 

-229. 12 

.949 

424.0 

13.6 

4.424 

624.7 

6)7.7 

I.7M 

-229.88 

.949 

424.8 

13.4 

6.473 

424.4 

*38.2 

1.7)8 

-224.40 

.944 

429.4 

13.2 

6.414 

624.4 

*38.7 

1.760 

-227.24 

.944 

424.3 

12.4 

7.144 

627.0 

*34.2 

1.567 

-227.44 

.941 

424.4 

12.7 

7.377 

427.1 

*34.4 

1.766 

7.948 

*io.  1 

l.Til 

-224. 14 

.942 

428.1 

12.3 

7.814 

**0.9 

1.767 

-224.71 

.942 

428.7 

12.1 

8.040 

440.9 

1.761 

-2)0.29 

.942 

424.3 

12.0 

8.  342 

*41.2 

1.790 

-2)0.74 

.941 

424.8 

11.8 

8.439 

441.4 

1.791 

-211.24 

.941 

430.3 

11.6 

8.404 

4*1.4 

1.79) 

-2  11.  79 

.941 

430.8 

1 1.9 

4.180 

**2.2 

1.59* 

-2)2. 14 

.941 

431.2 

11.3 

4.492 

**2.4 

1.739 

-2)2.42 

.941 

431.7 

11.2 

4.  723 

**2.4 

1.794 

-21). 04 

.940 

432.1 

11.1 

4.443 

**3.2 

1.798 

-21). 49 

.940 

432.9 

10.4 

10.242 

**).* 

1.796 

-2)>.84 

.940 

432.4 

10.8 

10.928 

**3.7 

1.760 

-2)4.22 

.940 

433.3 

10.7 

10.74} 

***.0 

i.56i 

-2)4.94 

.940 

433.4 

10.6 

11.099 

***.2 

1.762 

*2)4,94 

.940 

434.0 

10.9 

11.319 

*«*.< 

1.5*$ 

-2  )9.28 

.940 

434.3 

10.4 

11.973 

***.7 

1.744 

-2)9.41 

.994 

4  34.7 

10.2 

11.427 

44*. 4 

1.74) 

•219.4) 

.994 

439.0 

10.1 

12.074 

**9.  1 

1.749 

-2)6.24 

.H* 

43i.) 

10.0 

T77I57 

*«i.4 

l.TU 

-2)6.99 

.994 

439.4 

10.0 

12.972 

*«9.9 

1,747 

•2  16.44 

.994 

439.4 

4.4 

12.413 

**9.  7 

1.741 

-191.21 

.403 

387.7 

29.6 

1.749 

347.7 

>»».6 

410.6 

*1).) 

1.938 

1.4)6 

SHIPTINC  CIP6N9I8N 

.  .. 

C 

STAA  • 

1)92.9 

Pf/SCC 

E4t»i6LPV 

CP  CAL 

/  1  «PI 

OELVAi 

Of 1  VAC 

I  SEA 

1  AT 

1  4T 

1  VAC 

CP  $14 

CP  VAC 

CAL/IOOC» 

OH  0E4 

•14.42 

1.620 

-94,20 

1.477 

(74.4 

144.0 

.260 

)14.6 

)19.7 

321.4 

>22.* 

1.262 

1.227 

-1 19.  94 

1.020 

314.4 

40.9 

.9  34 

372.9 

)7*.4 

374.9 

340.4 

1.639 

1.649 

•161,44 

.491 

)9).2 

♦  4.3 

.  740 

)4l.l 

>9*. 6 

*01.2 

402.4 

1.907 

1.991  . 

•114.48 

.760 

313.2 

42.6 

1.094 

400.  3 

*0*.4 

*16.0 

*19.4 

1.962 

1.402 

-192,  li. 

♦  707 

)84.6 

38.) 

1.319 

*09.9 

411.3 

622.4 

*2*. 4 

1.962 

1.4  34 

-199.02 

.679 

344.4 

39.1 

1.941 

*04.9 

*19.9 

*24.4 

*31.9 

1.976 

1.442 

-2C6.1'' 

.694 

604.1 

32.6 

1.422 

*09.9 

*14.0 

*)>.4 

*34.7 

1.974 

l.*8; 

-211.9 

.640 

410.3 

30.7 

2.077 

*10.* 

*19.6 

*37.6 

4*0.9 

1.981 

1.448 

-216. 74 

.630 

♦  19.4 

24.0 

2.  )34 

*20.* 

**0.9 

***,4 

1.7(2 

-220.44 

.62) 

414.8 

27.7 

2.94# 

♦  20.7 

**3.0 

447.4 

1.721 

-229.4) 

.*10, 

2ft.> 

**9.1 

490.0 

1.73) 

-227,49 

.6)1 

426.8 

29.4 

1.130 

*«4.4 

*92.) 

1.762 

-2)0.71 

.607 

424,7 

24.9 

3.401 

**i,9 

*9*.) 

1.790 

-2)),74 

.603 

4)2.) 

23.7 

).67l 

**4.4 

*94.  1 

1.797 

-2)9.42 

.944 

4J4.7 

23.0 

3.4)7 

*90.4 

*37,  7 

J.?83 

-237.74 

.944 

434.8 

22.3 

4.144 

*92.0 

*94.1 

1.746 

-234.44 

.944 

♦  38.7 

21.7 

4.494 

*92.9 

*40.9 

1.776 

-24I.44 

.941 

♦♦0.9 

21.2 

4.704 

*4).* 

*41.5 

t.55* 

-2*3. 19 

.944 

♦♦2.1 

20.7 

4.448 

*96.6 

*42.4 

1.78) 

-2*4.44 

.94? 

4^3.7 

20.2 

9.148 

699.0 

44). 4 

1.787 

-2*4. 1  ) 

.949 

449.1 

14.8 

9.478 

*99.9 

*44.8 

1.741 

•2*7.44 

.943 

446.4 

14.4 

9.79# 

*99.4 

449.7 

1.74* 

-244.79 

.942 

447.6 

14.0 

4.0)7 

*94.3 

446.4 

1.747 

-2*9.49 

.940 

448.8 

18.6 

6.3)7 

*94.4 

*47.4 

1.800 

-291.07 

.974 

444.4 

18.3 

6.944 

*94.4 

*48.2 

1.809 

-292. 14 

.977 

♦  90.4 

18.0 

6.869 

*97.1 

*48.9 

1.804 

-253.14 

.974 

♦  91.4 

17.7 

7.142 

497.6 

644.9 

1.806 

-294. 10 

.979 

♦  92.4 

1  7.4 

7.410 

497.9 

670.2 

1.8U 

-299.01 

.971 

♦  93.7 

17.1 

7,479 

697.  7 

470.8 

1.813 

-299.88 

.it2 

♦  )♦.) 

14.4 

~f:kvr 

445.6 

■*ri.4 

TTaT*’ 

-296. 71 

.971 

♦  99.3 

14.4 

8.141 

*97.9 

471.4 

1.818 

-297.90 

.970 

♦94.0 

14.4 

4.441 

*94.0 

472.4 

1.820 

•298.26 

.944 

♦  94.4 

14.2 

4.647 

*98.1 

♦  72.4 

1.822 

-294.44 

.948 

497.9 

19.4 

4.927 

*98.2 

♦  7). 4 

1.82* 

-299.64 

.948 

494.1 

19.7 

9.141 

498.2 

471.4 

1.829 

-260. 36 

.94* 

494.4 

l*.4 

4.340 

4l*.3 

1.025 

-261.00 

.944 

494.4 

19.4 

4.619 

476.7 

1.826 

-261.42 

.949 

440.0 

19.2 

4.880 

479.  1 

1.830 

-262.22 

.944 

440.9 

19.0 

10.199 

479.9 

1.8)2 

-262.80 

.946 

441.1 

14.8 

10.638 

479.4 

1.8)3 

-263. 14 

.943 

441.4 

14.7 

10.718 

476.  3 

1.8)9 

.274 
.2)1 
.  140 


.080 

.048 

.017 


-26).90 

-264.42 

-264.42 

-269.41 

-269.88 

-266.34 


14.644  184). 7 


-264.74 

-267.22 

-267.44 

-212,04 


.942 
.942 
.941 
.941 
.940 
♦  940 


.994 

.994 

.998 

.440 


442.1 

442.4 

44).l 

441.9 

444.0 


444.8 

449.2 

449.4 

410.4 


14.4  11.277 
14.2  11.996 
14.1  11.439 

13.4  12.113 
13.8  12.340 


TsTT 

13.4 

13.4 

90.4 

-71- 


T77446 

12.441 

13.214 

2.084 


477,0 

477.1 
477.4 
477.9 

478.2 
47i.< 
478.8 
474.1 
441.0 


1.837 

!.83f 

1.840 

1.841 

1.842 
1.04) 
1.844 
1.849 
1.494 


414.4 


437.9 


1.981 


PAliSUftL  PB0FR£.i)AT4 

SYSTEM  LIGUIO  BIPPOPElLA^T  PC  1000.  PSIA 

COMPOKENT  TftgP  FflAMULA _ OENSITY  HEAT  FORM _ WT,  fl/0 

OEG  K  CM/CC  IKCAL/FORM.WT.) 

85,2  E2  1.51  -3.47  45. 

20.4  H2  0.071  -1.887  S. 


BULK  DENSITY  •  .750  6M/CC 


MIXTURE  RATIO  •  14. 

000  LB  0X1D12ER 

/  LB  OF 

FUEL 

PRESSURE 

PROFILE 

DATA 

_  -  . 

.  .  _ 

C^hamber 

ENTROPY 

_  300.44 

_Ey/100GMS  _ 

.  —  . 

.. .  — 

_ _ 

.  -  - 

CHAMBER 

_twioat_ 

FROZEN 

EXPANS  1 

ON 

PRESSUREf 

PSIA 

1000 

348.  1 

158.5 

63.10 

25.12 

14.70 

10.00 

3.981 

1.585 

.631 

.251 

.100 

540.5 

TEMP,  OEG 

K 

4843.7 

3883.4 

3067.6 

2408.2 

1875.8 

1615.0 

1447.2 

1105.3 

837.3 

631.6 

475.4 

359.1 

4195.8 

ENTHALPY  ( 

-1 

13.36 

54.60 

46.21 

125.05 

147.61 

158.33 

165.10 

178.53 

188.75 

196.47 

202.30 

206.67 

45.41 

CP 

.4614 

.4533 

.4431 

.4305 

.4160 

.4066 

.349  7 

.3854 

.3770 

.3740 

.3742 

.3745 

•  4561 

IMPUl  OPT 

200.56 

268.46 

311.70 

341.74 

355.13' 

363.33 

374.06 

340,61 

394.12 

405.42“ 

4'iO‘.08 

166.99 

IMPUl  VAC 

247.32 

325.56 

350.31 

364.17 

377.85 

383.23 

343.63 

401.32 

407.03 

411.28 

414.46 

292.54 

EPSILON 

1.046 

1.551 

2.634 

4.701 

6.657 

8.564 

15.756 

29.045 

53.455 

100.526 

188.366 

l.OOO 

SHIFTING  EXPANSION 

PRESSURE, 

PSIA 

1000 

348. 1 

158.5 

63.10 

25.12 

14.70 

10.00 

3.481 

1.585 

.631 

•  251 

.100 

570.1 

TEMP,  OEG 

K 

4843.7 

4447.3 

3684.6 

3342.1 

3137.0 

2483.'T 

2570.4 

2086.0 

iTIT.T 

1306.7 

1018.5  4614.3 

ENTHALPY  1 

-1 

13.36 

61.41 

104.71 

142.62 

176.18 

143.87 

205.76 

231.41 

252.72 

269.80 

283.32 

298.91 

43.71 

X  BAR 

5.780 

5.542 

5.425 

5.274 

5.156 

5.047 

5.062 

5.008 

‘5.000 

s.ooo 

5.000 

8.600 

5.663 

N 

5.780 

5.542 

5.425 

5.274 

5.156 

5.047 

5.062 

5.008 

5.000 

8.000 

5.000 

8.000 

5.663 

CP 

2.1157 

2.0123 

1.8175 

1.5508 

1.2218 

1.0131 

.8606 

.5243 

.4‘084 

.3918 

•  3748 

.8620 

2.0612 

IMPUL  OPT 

205.51 

281.40 

335.33 

376.35 

346.27 

404.11 

435.53 

456.31 

672.31 

484.61 

696.02 

162.49 

IMPUL  VAC 

310.13 

344.32 

385.55 

415.43 

431.16 

441.03 

461.08 

476.07 

687780 

446.26 

502.93 

30l.‘iT“ 

EPSILON 

1.078 

1.744 

3.264 

6.462 

4.734 

13.087 

26.320 

51.129 

98.707 

140.280 

365.450 

1.000 

composition  shifting  IMOL/lOO  GM) 

18.86  F 

•  4662 

.7422 

.5443 

.3722 

.2275 

.1575 

•  1152 

•  0444 

.0397 

.0397 

.0397 

.0394 

.8269 

-64.50  F*H 

4.C335 

4.2577 

4.4556 

4.6278 

4.7725 

4.8425 

4.8848 

4.9507 

4.9603 

6.9608 

4.9603 

4.9603 

4.1734 

•  00  F2 

•  0001 

To6<55 

.0000 

•0000 

V(>666  ’ 

76Wo 

■.W6o" 

.oToT“ 

.o'Soo 

.bbocT 

•  0001 

•Tbor 

52.10  H 

.6331 

.4823 

.3462 

.2261 

.1247 

.0764 

.0474 

•  0061 

.0000 

.0000 

•  0000 

•  0000 

•  5394 

.00  H2 

•  1468 

.1102 

.0742 

•  0532 

.0316 

.0207 

•  0138 

.0018 

•  bboo 

•  0000 

.“boob 

•  bboo 

.1238 

72- 


SVSrCM  IIWUIO  lllPP«P£LL*Nf 

PC  1000.  psiA 

COHPONfNI  TREF  FORHuiA 

DEN5I rr 

ifAl  FORM 

Ml.  9/0 

r.M/cc 

IKCAL/FORM.mT 

1 

85 

2  72 

1.51 

-3.67 

'95. 

20 

6  K? 

0.071 

-  1.887 

5. 

FRO/ETI  EXP*NSl(3r« 

C 

SIAM  ■ 

7673.1  FI/SCC 

fPSJLOK 

PC/P 

P  P5l* 

TIRP 

f6T4.AlPV 

CP  C8l /  1  OP 

OElVAC  OELVAC 

1  57  A 

1  Al 

1  A) 

I  /AC 

CF  SEA 

CF  VAC 

O^G  «  8C*L./ieQW 

its 

/P 

Ln 

t^coo 

5C0QP 

-  kyi 

1  .0C6 

ICOC.COO 

6893. 7 

-13.  16 

.662 

l.OOO 

1  .850 

56U.646 

6195.8 

-65. 6i 

.656 

167.0 

125.5  .2)2 

709.  1 

790.7 

292.  1 

297.5 

1.265 

1.259 

2.000 

10.979 

91.081 

2706.6 

-112. 16 

.637 

296.0 

65.0  .696 

331.7 

3)3.8 

3  38.1 

3)0.9 

1.678 

1.659 

i.OOO 

19.9C1 

50.268 

2276.6 

-  1  *0.  7-* 

.627 

119.7 

35.5  .706 

366,8 

367.9 

>56,0 

355.2 

1  .686 

1.529 

«.000 

11 .666 

31.561 

2009.2 

-162.06 

.620 

3)6.6 

29.9  .968 

150.6 

356.8 

363.0 

366.6 

1.510 

1.570 

s.ooo 

61.9C6 

22.777 

1826.6 

-{69,65 

.616 

366.3 

2:,. 5  1.166 

353.  7 

350.9 

360.  9 

370. H 

1.57) 

1.597 

«>.oao 

58.212 

17.179 

1689.0 

-155.32 

.609 

351.6 

26.0  1.398 

356.9 

361.1 

173.0 

3  75.6 

i.570 

1.016 

r.ooo 

11.519 

1 1. 598 

1580.3 

-159. 75 

.605 

156.9 

22.1  1.627 

362.  3 

>76.7 

3  79.0 

1.647 

8.000 

50.152 

11. car 

1691.2 

-163. 36 

.602 

361.2 

20.6  l.86'i 

362.  7 

170.  7 

301 . 8 

1.666 

9.000 

K7.922 

9.266 

1616.5 

-  166. 33 

.390 

366.0 

19.6  2.096 

300.  6 

306.2 

1.656 

10. 000 

127.155 

7.866 

1 352.5 

-168.88 

.  196 

367.0 

10.6  2. 336 

>02.7 

386.2 

1.66) 

1 1.000 

167.615 

6.  786 

W96.8 

-in.il 

. 

3/0.6 

J7.5  2.570 

30  1.5 

48  7.9 

1.670 

12.000 

168.611 

5.936 

1267.9 

•  1  73.00 

.  392 

372.7 

16.7  2.H18 

186. b 

489.6 

1 .6  76 

1 j.ooo 

190. OSH 

5.260 

1206. 3 

-1  I6. 70 

.  390 

176.6 

16.1  I.U5I 

1H5.  S 

3  43.7 

1.60? 

1<|.000 

212.0.7 

6.  715 

1  165.  3 

-1  76.22 

.  100 

376.6 

15.5  1.280 

30b.  1 

191.9 

1.687 

li.OOO 

2  16  .  1C  9 

6.26H 

U29.9 

1  77.58 

.  307 

370.0 

16.9  3.500 

106.9 

392.9 

1.692 

Ifa.uOO 

257 . )t2 

3.  886 

1097.8 

-1 76.83 

.  306 

179.6 

16.5  3.721 

187.5 

393.9 

1  .696 

17.000 

2-1. 2s2 

I.51Q 

1068. 1 

-1 79.96 

.  305 

380.7 

16.0  3.972 

107.9 

3  96.  7 

1  ,699 

18.000 

110. 0»5 

3.22  5 

lD6t.t 

-IPl.Ol 

.  186 

101.9 

11.6  6.221 

■.18.  1 

395.5 

1.  703 

19.000 

117. StS 

2.962 

1016.0 

-181.97 

.  383 

18  1.0 

11.1  ,6/6 

1H0,6 

496.2 

1  .  7  Ofc 

/O.OOO 

2.  735 

9  42.8 

-  1  82.86 

.  1R2 

186.0 

12.9  6.722 

|80.  9 

196,9 

1  .  709 

2 1 .000 

1S6.255 

2.5  36 

471.1 

-183.69 

.  38  1 

186.9 

12.6  6.968 

1*4.1 

197.5 

1.71? 

22.000 

621.225 

2.  161 

950.8 

•1-6.66 

.  18C 

305.0 

12.1  5.210 

18  4.7 

19*.  1 

1  .  716 

2  1.000 

652. 6C> 

2.2IW 

911.8 

-185.18 

.  180 

106.6 

12.0  5.667 

1*4.6 

198.  7 

1.716 

2^.000 

6.<1  .  1>S 

2.076 

916.0 

-185.86 

.  479 

307.4 

11.8  5.67'1 

109.5 

199.2 

1.719 

2 S.OOO 

5  11.1  12 

1.956 

897.2 

-  1  B6.69 

.  379 

300.1 

11.5  5.901 

189. 6 

199.6 

1.771 

26.000 

560,5  7.’ 

1.85U 

881.1 

-187.09 

.370 

188.8 

U.l  6.122 

489.6 

600.  1 

1  .  77) 

27.000 

5t9.859 

1.  755 

866.  3 

-1-7.66 

.  178 

189.6 

11. 1  6.135 

184.  7 

600.5 

1  .726 

28.000 

559, 1 1 1 

1 . 669 

852.  1 

-168.20 

.  377 

390.0 

10.9  6.56-) 

600.4 

1.  726 

29.000 

628. I'll 

1 . 592 

8  18.6 

-1-8. 71 

.  177 

390.6 

10.7  6.760 

601  .  3 

1.728 

10.000 

652. 5M 

l.5U> 

825.  7 

-1-9. 1 4 

.  477 

391.1 

10.5  b.986 

601.7 

1  .  729 

1 1 .000 

6.7.121 

t.6l6 

811.5 

-189.65 

.  476 

>41.6 

10.6  7.235 

602.0 

1.711 

>2.000 

1  >2  .  7  66 

1.  165 

H'-l  .8 

-  1  •O.09 

.  176 

392.1 

10.2  7.*"*' 

6C’?.  1 

1.7)2 

>  1.000 

7»9.,'25 

1.  luo 

7  9.-:; .  f. 

-19J.52 

.  176 

192.6 

10. 1  7.716 

602.6 

1.743 

>*.,000 

Bi.5, 7'.9 

1.261 

7  79. 9 

-1  ‘O.  42 

.  176 

391.0 

9.9  7.984 

602.9 

1  .  7  15 

JS.OOO 

86  }. J56 

1.186 

764.6 

-191.  lO 

.  176 

193.6 

9,8  8.214 

601.7 

1  .  7  36 

>6. 000 

arO. 751 
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1'  1 .6  M 
124.6/1 
146.28  7 
18).  )t  7 
6l''..n27 
6  M.Sf  8 
666. 4^4 

6':«.6H| 

422.86-4 
441.111 
4  l4.6v;  7 
6 1  8  .  J  6  3 
6J4. *16 

6  72.7  .4 
7,4.164 

7  IM .6  26 
772.044 
-;6.127 
860.6  71 
874.3>.7 
Id.  4t  4 
164..'*  7 
l-f.  124 

114.74? 
U  ‘  I  .  1  I  7 


100. COO 
162.462 
24.074 
14.  J2J 
4.641 
6. 788 
4.162 
6.C27 
i.28l 
2.  760 
2.372 
2.C64 
1.  784 
.  .486 
1.621 
1.287 
1.  174 
l,C78 

.410 

.662 
.  78  1 
./IM 

.66  1 
.60  7 
.  476 
.  44,8 


2161.9 
2022.6 
1  117.9 
1  100. 8 

970.2 
880.4 
81  1.9 

761.6 

714.2 

686.3 
646.0 
628.0 
604.  1 

484.1 

467.1 
S4'>.4 

416.1 

422.7 

410.1 
648.9 

6  78.6 

664.2 

660.4 
642.6 


626.6 
618.  1 
612.6 


162.6 
178.  1 
176.2 
)70.2 


..44  )•  I.  I 

..'41 
.  />• 

..17 

.226 


••.172 
76.2  7  7 
4l .1 77 


P  •'MA  ll«P 
Lt..  • 

lU'-,'-.  2)61.4 
162. •l6  2316.1 
24. 1»:  1)29.6 
I4.*6u  lir.7 
J.677  J74.6 

.147  621.8 


•6.216 
f  7.  I  .  0 
^8.629 
21). 6  76 
2*2.4^6 
246 .608 
277. 146 
ii-2.e  70 
129.661 

144.1  78 
182.1»'C 
6(.9. 4  49 
•J7.2  M 
664.1 ;o 
6‘;).it2 
421. ICl 
469. 4Cl 
477.7V? 
6C6.096 
817.861 

670.1  *6 
7C2.879 
736.04} 
769.6  19 
BC1.460 
8  17.7  78 
8  72.29? 
)C7.06-7 
162.040 
977.218 

1012.466 
1068. SCO 
1081.464 
1119.218 
1 1  46 .962 
1190.721 
1226.440 
1762.614 
1298.116 
1316.266 
20.616 


1.294 
2.  768 
2.  1/4 
2.^42 
1.  7-?4 
l.4>0 
1.624 
U29J 
1.  1  78 
I.C82 
.991 
.91  1 

.  86  4 

.  794 
.  712 
.  686 
.  664 

.t08 

.  474 
.  466 


6>).8 

660.4 
6  16.  1 
611.6 
4  /I.  I 

472.9 

446.4 

461.6 
429.0 

414.4 

406.3 

691.1 
681.  1 
6  76.0 

664.1 

647.1 

669.6 

662.2 

614.1 

628.9 

622.6 

616.7' 

611.1 

604.9 
600.7 
1  ?4.8 
1?1.1 
186.6 
182.  1 
179.1 
176.  I 
170.’ 

166.4 

162.9 

149.6 
146.0 
342.0 

169.6 

166.4 

161.4 

160.6 
117. a 

16.696  1097,2 


.41? 

.  694 
.670' 
.  668 
,•27 
.608 
.  190 
.  37  1 
.  348 
.  166 
.  ill 
.  318 
.10  7 
.296 
.286 
.277 
.  26H 
.260 
.242 
.264 
.218 
.211 
.224 


OM/fC 
1.41 
0.071 
fRO/CN  EXPANSION 
C  SIAP  •  8198.0  fl/4El 
CP  CAL/  t  OPt  flfl-.AC  OElVAC 
OtO_  7P 


iRCAt/fORW.Nt. 

♦1.67 

*1.897 


I  VAC  cr  SfA  Cf  VAf 


-168.24 
-171.16 
-1 96.96 
-196.18 
-2ro.99 
-2C6.i2 
-210.61 
-216.18 
-217.20 
-219.82 
-222.11 
-226.16 
-224.94 
-227.49 
-229.07 
-2  >0.62 
2  »1.6? 
-2  )2.n2 
-231.8? 

)4.  M  ) 


6.67 

-  2  *7.48 
-2*8.24 
-2  18.97 
-2  )?.64 
-263. 10 
-260. 9» 
-291. SO 
-242. -S 
-2*2. 4" 
-28).'’? 
•261.47 
-246. /6 
.2«4.69 

•2*6.92 
•2*4. «3 
•2*4.71 

•  2*6. I  I 

•  2*6 .*9 

-  .'*6.  •* 
-.'*».  18 


•2*8.76 
•2*9.04 
•2*9. H 
-  1  72.68 


f  MkAiPt 

C*i  'Liiw- 

-  •  n24 

*  1*8.  74 
-1  72.0'' 
•1-4.72 

•  1  .4.01 

•2-1.90 
•2‘7.26 
-211.4? 
-214.19 
-218.2* 
-220.99 
-221.20 
•224.26 
-227.07 
-228. 72 
-2  1C. 21 
-211. 48_ 
-2  12.86 
-2*6. 3C 
-2  14.08 
-2  36.09 
-2  17.31 
-2  17.9" 
-2  18.  70 
-219.68 
-260.21 
-260. ?0 
-261.44 
-262.17 
-262.76 
-261. 12 
-2*1.84 
-26*. 16 
-266.84 
-2>4.i2_ 
-764.77 
-266.21 
-264.62 
-767,01 
-267.61 
-267,79 
-268.14 
-268.40 
-268.81 
-269. 16 
-269.68 
-269.79 
-240,08 
-240.18 
-240.44 
-1 71.61 


182.  1 

120.8 

140.1 
166.8 

177.6 

184.6 

141.6 

196.1 
600.0 
601.  1 
606.  1 

608.4 

610.7 
612.6 
6l6.  1 
614.9 

617.1 

618.4 
)C4  619.8 

'C4  620.9 

.•4  621.9 

:36  622.9 

)06  62  l.H 

)06  *2*-6 
:06  *24.6 

)fl6  626.1 

06  626.8 
:C)  627.4 

;fi  628.1 
)9t  628.7 

•0)  629.2 

30)  *29.8 

'32  *1C.) 

02  *10.8 
>02  *11.1 
'01  *11.7 

531  *12.1 


*14.7 
616.3 
6l6.  I 
6  16.6 
142. C 


118.1 

40.6 
19.  1 
12.9 
29.0 
26.  1 
26.2 

22.6 


.869 


17.7 

17.1 

16.4 

16.0 


U.4 


1.719 
2.441 
1.608 
6.272 

4.109 
6.008 
0.881 
7.706 
8.404 
?.60* 
r.297 
1.176 
2.32- 
2.846 
1.669 
6.642 
4.  16a 
6.26* 

7.110 

8.  l•98 
74.' 

11.  1  2-  .613 
U.  3  21.**" 
12.8  22.266 

12.6  21.36" 

12. *  21.84* 

12.2  2*. 017 

12.3  24.412 
11."  ?6.*2- 

11.6  27.  12* 

11.4  2-. 21' 

U.  1  29. lU 
U.2  I'-.-Ol 
U.O  I'. "96 
I”.  ?  11. 76* 

10.8  12. 6*- 

13.4  ll.S-*" 


*1.71" 
62. *8? 

2.617 


107.8  U1.6 

464. 8  141.4 

141.9  161.2 


118.9  120.1 

168.6  171.6 

184.1  189.6 

193.9  199. 7 

19?. 6  606.6 


1.238 
1  .  147 
1  .  181 


604.  1 
*07,0 
6C1).  1 
*08.9 

*09.  1 

•  09.6 


)42.0  16  1.6  3"6,' 


614.6 

618.7 
621  .  1 
621.4 
624.  1 
62  7.0 
*28.* 
62?.  7 
610.9 
611.? 

*  12.9 

611.8 

*  14.  * 


6  19.  B 

660,2 

*63.6 


**2.  1 
*62.6 
662.  7 


*6*  .  " 
**4.  I 
6*4.  1 
**4.4 
**4.  r 
**4.9 
**6.  1 
)9;.* 


I  18.  7 
40.8 
}9.  1 


108.4 
166.  7 
142.9 


21.6 

23.  1 


S"IF'1NC.  »t>'ANSn4 
C  SIAA  •  *226.3  fl/SfC 
CP  CAL/  I  '•PI  rfivAc  r(i¥AC  i  sm 
v*  £ti.  /“  L/i 

1.  )Cl 

1.206  182.1 
l.''82  121.4 

1.341  141.2 

1.314  167.8 

1.3^6  178.6 

1.020  i«6.6 

l.)14  192.6 

1.012  197.2 

l.OlO  601.1 
1.009  606.6 

t.o08  607.2 

i.bOT  609.7 
1.006  611.9 

1.306  611.8 

1.006  616.4 

1.004  617.1 

1.0-34  6l*.4_ 

1,004*  619.8 
1.3C4  621.0 

1.004  622,1 

1.006  621.1 
l.f06  626.1 

1..306_  6_24.0 
i.O06  624.8 

1.006  626.6 
I.O06  627.6 

1.001  628.1 
l.0>31  628.7 

l.OOl  J*29.6 
l.'OOl  610. 0" 

1.001  619.4 

1.002  611.1 
1.002  611.6 
1.002  612.1 
I.OOl  6 12^4 

r.ool  6li.0 
1.001  611.6 
1.001  611.9 

1.000  6}*.} 

I.UOO  616.6 
1 . 000  _  6 14.0 
,999  '614.6 

,999  6 14. 7 

.999  616.1 

.999  616.6 

.998  616.7 

.  99^  *17.0 
‘.998  "617.1 
.998  617.6 

,997  617.9 

1.069  142.9 


1  At  I  A!  I  VAC 
iUj?f  4C30S.._ 

112.2 
146.6 
166.2 


.247 

.647 

,426 

.469 

.496 

.616 

.611 

.661 

.641 

.662 

.669 

.676 

.681 

.691 
.694 
.699 
.  702 
.  704 
.  7CB 
.711 
.  716 
.7  16 
.7  18 
.720 
.  72? 
.  726 
.726 
.  728 
.  729 
.7  11 
.  7  1/ 
.  716 
.  7  )4 
.  7  16 
.  7  18 
.  7  19 
.  760 
.761 
.  762 
.  76  1 
.  766 
.  764 
.  7*6 
.  7*7 
.  7*e 
.  7*6 
.  7*9 
.753 
.741 
.4  12 


C7  SEA  C7  VAC 


f..90) 
7.72' 
8.4)1 
|9.6  9.*)) 

18.4  I". 329 

17.4  11.239 
17.2  12.067 

16.6  12.894 

16.1  11.694 

14.7  16. *9* 

14.1  14.194 

16.9  16.296 

16.4  17.189 

16.2  18.078 

11.9  18,947 

11.6  19.824 
I  1.  I  20.679 

11. 1  21.417 

12.9  22.119 

12.6  21.164 

12.6  21.916 

12.2  26.712 
12.0  24.60? 
U,9  26.408 
U,  7  27.607 
U.4  28.  304 
U.6  29.201 

11.2  10_.091 
U.l  10.982 
11.0  11.864 

10.8  12.761 

10. r  11,616 

10.6  16.677 

10.4  14,111 
10.6  16.180 

10.2  17.019 
10.1  17.868 
in.O  18,669 

9.9  19.680 
_9.9  60.28? 
9.8  61.074 
9.)  61.B48 
9.6  62.611 

18.6  2.629 


369.  1 
1P6.  I 
)94.0 
600.  4 
*C6.  I 
606.4 
608.  1 
6f9.  1 
*(<3.  I 


)72.  ) 
190.4 

603.8 
607." 
61.'. 8 
*16.8 
*19.? 
*22.4 
*2*.  7 
*26.6 
*28.2 
*29.  7 
*11.0 
*12.2 
*11.2 
*1*.2 
*14.1 
*14.9 
*14.6 
*17.  ) 
*18.0 
*18.6 
*19.2 
*19.  7 
660.2 

660.  7 
661.2 
6*1.6 

' **2.0 

**2.6 

662.8 

661.  1 

661.4 
^6  1.  B 

666.  1 
666.6 

666.  7 
664.0 

664.2 

664.4 

66T.‘r- 

666.0 

666.2 
666.6 
666.7 
666.9 

667.  i 
667.1 


1.207 
1.647 
I  .4/8 
1.468 
1.494 
1.614 
1.610 
1.66} 
1.641 
1.66? 
1.66? 
1.674 
1.681 
1 .686 
1  .691 
1.694 


I  .726 
1.726 
1  .  728 
1.729 

1.711 

1.712 
1.716 
1.714 
1.7)6 


•  67.5 

142.9  )66.6  )67.1  191.6  l.)81 


1.717 

1.719 

1.760 

1.761 

1.762 
1  .  761 

*1.766 

1.764 

1.766 

1.767 
1.767 

1.765 
1.769 
1.750 
1.741 
1.412 


I 


MOfUE  DATA 

SYSTE)*  LICUID  eiPROPELLANT  PC  300.  PSIA 

CflttPflNEilT  TREE  POftWULA _ DENSITY  HEAT  FORM _ WT.  0/0 

OEG  K  GN/CC  UCAL/FORH.HT.) 

89.2  F2  l.Si  ‘3.A7  80. 

20.4  H2  O.On  *1.887  20. 

eULK  density  •  .294  GH/CC 

_ FIXTURE  RATIO  •  4.000  LO  OXIDIZER  /  LB  OF  FUEL _ 

PRESSURE  profile  DATA 


CHAP8ER 

CHAMOiR 

ENJROPY 

566.75 

EU/IOOGMS 

--  - 

THROAT 

FROZEN 

EXPANSION 

PRESSUREf 

PSIA 

300.0 

116.7 

60.49 

27.16 

14.70 

12.20 

5.477 

2.460 

1.104 

.496 

•  223 

.  100 

162.9 

TENPt  OEG 

K 

2010.5 

2337.9 

1926.3 

1575.1 

1342.0 

1277.0 

1027.3 

821.6 

654.8 

521.1 

414.5 

329.6 

2445.4 

ENTHALPY  I 

-I 

26.03 

75.63 

116.64 

150.30 

171.04 

177.72 

199.86 

217.62 

231.80 

243.09 

252.08 

259.20 

64.67 

CP 

_LiO>79 

1.0161 

.9773 

.9399 

.9080 

•  9007 

.8733 

•  8555 

.8462 

.84  32 

.8415 

•  8371 

1.0234 

IMPUL  OPT 

207.73 

280.76 

328.79 

356.16 

363.26 

388.87 

406.25 

423.09 

434.54 

443.45 

450.37 

183.36 

IMPUL  VAC 

325.64 

392.64 

370.90 

395.64 

400.10 

616.55 

429.34 

439.31 

447.11 

65*. 26 

458.04 

323.09 

EPSILON 

1.021 

1.  306 

2.155 

3.133 

3.521 

5.893 

9.997 

17.122 

29.546 

51.282 

89.456 

1.000 

-  - 

—  "  -  • 

SHIFTING  EXPANSION 

PRESSUREf 

PSU 

300.0 

116.7 

60.49 

27.16 

14.70 

12.20 

5.677 

2.460 

1.  104 

.496 

.22* 

.100 

165.4 

TEM.,  OEG 

K 

2010.5 

2606.6 

2006.6 

1664.6 

1409.0 

1341.0 

10.2. } 

.6776 

692rr 

551.9 

rtTTT 

'*$6.1 

2509.8 

ENTHW.EY  ( 

-1 

26.03 

76.23 

1U.62 

151.11 

175.75 

181.07 

204.99 

223.58 

2*. .65 

250.31 

259.76 

267.25 

64.14 

X  OAH 

12.114 

12.052 

12.C36 

12.026 

12.026 

12.026 

12.026 

12.026 

12.026 

12.026 

12.026 

12.026 

12.064 

N 

12.114 

12.052 

12.010 

12.026 

12.026 

12.026 

12.026 

12.026 

12.026 

12.026 

12.026 

12.026 

12.064 

CP 

1.4037 

1.1517 

1.0115' 

•  9484 

.4157 

.9060 

•  8763 

.8560 

.6652 

•  8406 

.8397 

•  8358 

1.2069 

IMPUL  OPT 

20«.4a 

2.1.51 

332.78 

360.89 

368.20 

394.56 

414.55 

429.87 

441.70 

450.92 

458.08 

182.09 

IMPUL  VXC 

328.06 

357.13 

304.31 

401.40 

■65r.04 

■aTTToo 

6*6751" 

446.62 

454. 70 

461.05  466.03 

325.84 

EPSILON 

1.026 

1.400 

2.183 

3.170 

3.574 

5.990 

10.178 

17.452 

30.136 

52.341 

91.605 

1.000 

COMPOSITION  SHIFTING  (MOL/lOO  CM) 

10.06  F 

.0005 

.0001 

•  OCOO 

•  0000 

.0000 

•  0000 

.0000 

•  0000 

.0000 

•  0000 

•  0000 

•  0000 

•  0001 

-64.50  F«H 

A.21C0 

4.2105 

4.2109 

4.2105 

4.2105 

4.2105 

4.2105 

4.2105 

4.2105 

4.2105 

4.2105 

4.2105 

4.2104 

.00  F2 

.0000 

.0000 

.6coo 

.0000 

.0000 

75565“ 

“76600' 

.0060 

.6666 

•  0000 

.6666 

•OOOO  .0000 

52.10  H 

•  1061 

•  0510 

•  OCOl 

•  0006 

•  0001 

•  0000 

•  0000 

•  0000 

.0000 

•  0000 

.0000 

•  0000 

.0755 

•  00  H2 

7.7226 

7.7095 

7.0113 

7.8151 

7.0153 

7.8154 

7.8154 

7.8154 

7.8154 

7.8154 

7.8154 

7.8154 

7.7777 

70- 


mrtP  LKUIO  BlPROmUNI 

coMPdKEN?  rafF  ro*HuL* 

_ _ Dts  K _ 


ac  300.  aSM 

0C1SIIV  Nfai  fOKM 

■  6BZCC  IKCai/Fgaw.wT. 


faezCN  fiaaMSiAN 


c 

5t«A  • 

8276.7 

ftfMC 

E»'$ILON 

ac/a 

P  PSI* 

IPMP  ENTHAiav 

CP  c*L/  1  oai 

DdvAC  06LVAC 

1  5C* 

1  At 

1  AT 

1  VAC 

CP  SEA 

CP  VAC 

l.OCO 

100. COO 

2818.5  -28.03 

1.048 

1.000 

1.841 

162.443 

2445.4  -84.67 

1.02) 

18). 4 

1J9.T 

.158 

310.5 

>15.} 

>21.6 

)?).l 

1.207 

1.256 

2.000 

10.172 

24.442 

1822.4  -145.84 

.946 

323.  3 

52.0 

1.762 

369.4 

357.2 

372.3 

375.  3 

1.158 

1.659 

3.000 

14.082 

15.722 

1168.8  -389.54 

.912 

)53.4 

60.5 

2.M1 

>5{>.0 

3A7.6 

389.5 

393.9 

1.  >89 

1.531 

4.000 

10.156 

4.44a 

1204.4  -383.74 

.893 

370.4 

36.2 

3.639 

198.8 

606.6 

1.57) 

3.000 

42.821 

>•1.6 

>0.2 

••♦>L> 

606.6 

911.8 

1.601 

b.OOO 

56.171 

5.122 

1019.4  -200.54 

.873 

389.6 

27.6 

5.151 

608.  } 

61  7.0 

1.621 

7.000 

71.440 

4.170 

455.1  -2C8.I4 

.866 

395.8 

25.3 

6.059 

610.8 

621.1 

1.637 

A. 000 

•8.345 

1.  14S 

4C2.7  -210.67 

.862 

400.8 

23.6 

6.966 

612.5 

626.6 

1.650 

4.000 

ICS. 148 

2.853 

858.4  -214.43 

.858 

404.8 

22.2 

7.  788 

611.8 

627.1 

1.660 

10.000 

122.025 

2.454 

821.5  -217.63 

.656 

408.3 

21.1 

8.576 

616.7 

629.) 

1.669 

U.OOO 

l4l ,5C2 
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1.6273 
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-6A.S0  F«H 

A.6A2A 

A.667I 

A.6785 

6.6828 

%.6839 

%.6e%o 

%.66%2 

%.6e%2 

%.68%2 

%.68%2 

%.6B%2 

%.6S%2 

%.66I7 

•  00  F2 
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PC/P  P  PIU  ICMP  FNIHALPV 


1.000 
I.BUt 
10.  191 
19.076 
10.097 
1*7.61)11 
S6.  UB 
71.667 
PH. 0)6 
106. B17 

171. 715 

161. 715 
161. S99 
tH7.6li 
706. U7B 
77S.B1S 
767.  760 
769.  779 

796.6) 7 
119.996 
166.  I  7S 
177.879 
600.071 
677. S70 
6SS. ICO 
6P1.796 
S 1 1.6S0 

519. 7) 8 
S6P.Q70 
S96.68S 
677. ?P) 

659.516 
697.796 

775.517 
7S9./01 
791.77) 
P77.699 
P67.669 
897.606 
9)7.777 
968.788 

1CC1.910 
1019. ?‘>6 
l07'>.rtS7 
I  11 I. 971 
I  16«. 

I  |h6.67« 
1770.877 
17S7.7)6 
1791. «07 
I  1 10.  18? 
70.6  16 


fifi.  K  HCAL/IOObN  GP  npi. 

40C.000  17Bi*a.-  -UU.62.  ./fiS- 

167.969  1776. S  -S6.7I 


0.C7I 

FR07(N  iXPAN&IOM 
C  Slip  «  79SH.6  Fl/SfC 
CP  CAL/  I  nP|  OEIVAC  OFIVAC  I  StA  1  AT 


79.611  7169.7 
IS. 777  18)0.6 
9.970  1677.9 
7,078  167H.6 
i.}6JJ,)69,7 
6.187  178  1.  1 
1.608  1717.6 
7.86?  )IS).7 
7.666  I1C7.S 
7.  176  1CS8.  1 
1.HS6  >019.1 


I.A61 
1.670 
I.  178 

i.?n 

I.  117 

J. 019 
.918 
.86  7 
.80S 
.  7S0 
,  707 
.6S9 
.671 
.SH7 
,SS6 
.S?8 
.SOI 
.678 
.6SS 
.611 
.6)1 
.  19S 
.  178 
.  If? 
.  168 
.  116 
.  177 
.  l)t 
.  799 
.789 
..‘19 
.?7f 
.76) 
.?S1 
.766 
.719 
.71? 
.776 


986. 
9S).  7 

975.6 
900.  1 
876.  7 
HSS.  1 

815.6 
8  I  7.0 

799.8 
7H1.8 
768.  7 

756.6 
76).  1 
7?«.8 

716.9 
7CS.6 

696.9 
6H6.  7 
67s. 0 
66S.  7 
6S6.  8 
668.  1 
66C.7 
6)7.6 
6^6.9 

617.7 
61C.  7 
6C6.0 
S97.6 
S9I.  ) 
M'S.  1 
S79.S 

571.8 
S68.  6 
S6).  I 
SSB.O 
SS).0 
S60.  I 

.696  1  797.1 


-I79,7« 
'tSt.  IS 
•166. 7C 
-171.  II 

-l»-6.9) 
- )H9.  16 
-IV7.66 

-  I9S.6  I 
-I9«1.70 

-707.66 
-706. ?S 
-70S. >16 
-707. 12 
-708.66 
-709. H9 
-711.3? 

717.07 

-  7  I  ) .  06 
-71).9S 
-7)6.81 
•7IS.60 
-7)6. 16 
-717.0/ 
-717.76 
-718.17 
-718. ♦8 
-7IV.SS 
-770,  10 
-773.6) 
-7/  I.  1 1 
•77 ). 6C 
•777. it 
-777. Si 
-777. >7 
•771.  )1 
•771. 7? 
•776. K 
-776.66 
-776.81 
-?7S. IS 
-77S.6H 
-77S. 79 
•7.6,  )  G 
•776.67 
-776.6V 
•776.97 
•777.76 
-1S1.7S 


.696 
.6SS 
.616 
.672 
.612 
.698- 
.S9H 
.S91 
.S88 
.SHS 
.S87 
.S7?_ 
.S77 
.S7S 
.S76 
.S7? 
.S71 
.S70 
.S69 
.S69 
.Sf« 
.S6  7 
.S67 

.S66 

.S6S 

.S6S 

.S6S 

.S66 

.S66 

.S66 

-^66 

.S6l 

.S6l 

.S6l 

.S6l 

.S6i 

.S6) 

.S6l 

.S67 

.S6? 

.S6? 

.S67 

.S67 

.667 

.S67 

.S67 

.S67 

.S6? 

.S6? 

.616 


176.6 

1)1.0 

119.8 
)S6. 1 
)66.9 

176.6 

180.6 
iHS.6 
189.1 
197.6 

195.5 
19_/.?_ 

600.  I 
607.  I 

601. H 

605. 6 

606.8 
6  08.  I 
609.  ) 

6  )  I.S 
6  17.6 
61).  1 
6)6.7 
6  )S.O 

615.7 
616.6 
6)7.) 
6)7.7 
6  le.  1 
6)8.9 

6)9.6 
619. V 

670.6 
6?f.9 
67). 1 
6?). 8 

677.7 

677.6 
671.0 

671.6 
67). 7 
6?6.) 

676.6 

676.7 
67S.0 
6?S.  1 
67S.6 
67S./ 
6?6.7 
167. S 


I  16.6 
69.9 
19.0 
11.0 
79.  I 
79.  S 
76.6 


/P 

.»7S 

1.096 

7.67P 

1.107 

6.167 


LVl 


10000  soooo 


7VH. 7  107.1 

116.0  161. S 

167.6  ISl.l 


-  »**>- 


S.876 
6.67/ 
7.6H7 
8.767 
9.  I  IS 

10.817 
17.7  M.671 

16.6  I7.6H6 

16.1  11.768 

15. 6  I6.07S 

15.2  16.887 
i6.H  is.fsi 

I*. 6  lA.AlP 
U.  I  17.67V 
)1.7 

11. 5  19.  176 

1 1.7  70.006 

17.9  70.871 

17.7  71.6;. 

17. 5  77.610 

17.7  71.181 
17.0  71.9)6 
I  1  .6  76.  767 

11.7  ?S.6^S 
1  ).■»  76. SOI 
II.  1  77. 171 

11.7  78.7 17 
1  1.0  79.  1C  1 

10.9  79.961 

10.7  S0'>16 

10.6  11.666 
li.S  17. SIC 
10.  1  11.  16/ 
10.7  16.177 
10.1  16.99V 
U.C  ^.81? 

9.9  «6.6I8 
9.8  17.6)6 
v.f  18.907 
9.6  l-.VPI 
9.S  •9.7SG 
V.6  60.SI7 
9.)  61.766 
18.0  7.S86 


139.6 

ISH.O 
176.  S 

181.6 
18B.9 

_l3iLA_ 
)9S.  1 
196.  7 
198.0 
198. 9 
199.  1 
199^6 


110.8 
160.9 
178. M 
189.  1 
196.0 
60  I 

ics.c 

4flH,  I 
6  10.7 
6  17,9 
6  16.  H 

616. 5 
6  17.9 
6  )9.7 
!.;3.6 

621.6 

627.6 
62).  1. 

676.1 
676.8 

675.5 

676.7 

676.8 
677.  1 
677.  V 
6?8.6 
6?8.9 
679.  ) 
679.  7 
6  10.  I 
6  ID.S 
6)C.9 
6)1.7 

611.6 
6  11.9 
6  17.7 

612. 5 
617. H 
6  11.  1 
6  11.1 

611.6 

6)1.8 

6  16.  1 
616. S 

6  U.  7 

616.9 

615.1 
6)S.  1 


1.708 
I.  ISK 
I.  186 


I.S7J 
l.fOl 
1.671 
i.M7 
1 .6S0 
i  •  06  I 
1.669 
1.677 
1.686 
1.690 
I.69S 
1.700 
1.706 
I.  rOH 
1.711 
1.716' 


I.  /7U 
1.771 
1./7S 
I.77H 


1.716 

1.717 
1.719 
i.  760 
1.76? 
1.761 
I  .  76S 

1.766 

1.767 
I.76H" 

1.750 

1.751 
l./S? 
1.7S) 
1.7S6 

1.755 

1.756 

1.757 
I./S7 

1.758 

1.759 

1.760 


167. S  )S).9  »76.0 


i.iriS  i.sie 


1.000 
7. coo 
i.ccy 

6.00'J 

s.oro 
6.CC0 
7. OCO 
H.OOj 

9.0C'- 

tc.oco 

I  1.CCL 
17.00U 
I  l.cct, 
I6.CC0 
IS.CC3 
16.000 
I  7.300 
IH.OiO 
19.CCv 
70.000 
71.0''(j 
.V.COO 
71.CL0 
76.000 
7S.0C0 
76.000 
77.000 
78.000 
79. OCO 
10.000 
1  I  .OCO 
)7.000 
ll.OCO 
16.000 
IS. OCO 
16.000 
17.000 
18.000 
)9.0C0 
60.000 
6  i.ono 
62.000 
61. OCO 
66.000 
6S.000 
66.000 
67.000 
68.000 
69.000 

so. 000 

S.6S6 


PC/P 

1.000 
1 .  771 
0.  7«6 
IS.177 
7 1.  )C0 
*7.6(6 
67.  107 
S7.8P0 
66.SI9 
76.9S0 
-9.0)) 
)C7.99I 
1  16.776 
1  *0.S70 
l6S.9j7 
16  1 ,  7ed 
I  7  7.966 

196.669 
71  1 .  160 
?7  7.9/6 
766.90) 
761.0/6 

779.769 
798.997 
lie.6)S 
118.677 
1S8.97I 
179.691 
6C0.  10? 
671. )1? 
667.69) 
661.811 
6HS. 766 

506. 760 
S?8.  166 
SSO.O  18 
S7I.7I9 
S9).660 
AI6.)S7 

660.770 
66S. 580 
690.161 
71S.S62 
76  1.016 

766. 761 
797,673 
Hitt. 806 
86S. 177 

871.670 
890.273 
92S.069 

70.616 


P  PIU 

'0C.7C0 

169.6)9 

16.  Id 
19. S7) 
12.871 
9.7SS 
7.0/8 
S.671 
6.6S'‘' 
1.899 
1.  16C 
7.  71  1 
7.S0L 
7.798 
7.:SA 
l.HSS 


1.6 
1.S6) 
1.671 
1.116 
I.72S 
I.  16S 
I.C77 
I.OD) 
.967 
.  8Ke 
.8)6 
.791 
.  769 
.717 
.6  78 
.66  7 
.6lK 
.S9? 
.S68 
.S6S 
.S7S 
.SC6 
.687 
.668 
.6SI 
.6)S 
.6  19 
.60S 
.  191 
.  178 
.  166 
.  15S 
.  166 
.136 
.  176 
16.696 


IS*".? 

7866,? 

7S79.* 

7)89.  1 
77)7.0 

7115.7 
7017.0 
19/  1,  S 

1866. 7 
1779.1 

1719.7 

1665.6 
1/17.6 
tS76,0 

15) 6. 1 

1697.9 

1666.  1 

16 ) ).  I 
I6C6.  1 
M77.0 
I  ISl. 7 
1)77.8 
IICS.S 
1786.  1 
1766.  1 
176S.  1 
1777.  ) 

1710.  I 
1)9 1. 7 
1178.  I 
I  161,  1 

1160.8 
MIS.O 
I  171.8 
1  IC9.  I 

1096.9 
10HS.  I 

1075.8 

1067.8 
tOS?.  ) 

1067.0 
1017.  I 

1022.6 

(Oil.) 

1006.  1 

99S.S 
987.0 

9M.8 _ 

970.8  -26S.26 


-S7.8S 
-  1 11.')6 
•1S7.6S 
•176.09 
•l"S.86 
•  196^07 
-707.07 
•7t8. 07 
-711.36 
-717.  16 
•771.  17 
-2A6,6V 
-7/^7. 67 
-71C.08 
•717.69 
-716.69 
-716,71 
-718. S/ 
•760. 1C 
-761. 9f. 
-761. 19 
-766. 79 
-760.  I  I 
-767. 16 
-768. SI 
-769.61 
-7SC.66 
-7SI.6S 
-7S7.60 
-7S1.S0 
->S6, )6' 
-2SS,  18 
-7SS.97 
-7S6. 77 
-7S7.66 
-7S8_.  16 
-7S8.81 
-7S9.6S 
-760.07 
-760.67 
-761. 7S 
-761.81 
-767. IS 
-767.88 
-761.  18 

-?6).0e 
-266. IS 
-766.82 


S8|Mt8G  tXPANSIO*) 

C  Sf*«  •  B26S.3  n/su 
IP  CAL/  I  OPT  OflVAC  CtLVAC  1  SIA 
(,"  I'fC  /P  I  vl 

_ _ 

778  17). 3  166.7 
61.0 


17). 3 

1.?))  116.9 

I.OiS  168.3 
.066  )68.0 
.780  181. 


SO.' 


.-S6  IvS.? 
I.77e  169.0 

7.S7S  16C.6 

).6  In 
.7HS 


19.7 

lib. .  jy.  1>1_ _ 

6«8  199.7  l6.C  S.9P7 


1C9.C 
1S7.6 
177. 0 

)'6.9 


.667 
.616 
.6/  7 
t920 
.616 
.609 
.60S 
.601 
.S9M 
.S9A 
.S9i 
.S9I 
.S«9 
.SnP 
.SH6 
.S06 
.S87 
.SHI 
.S79 
.S78 
.S76 
.S7S 
.S76 
.S7) 
.S77 
.S71 

.sro 

•  w? 

.S6H 

.S6A 

.S67 

.S66 

.S6S 

.S6S 

.S66 

.S6) 

.S65 

.S67 

.S6? 

.S6l 


636.1 

611. 5 
616.3 

619.7 
87J.i. 

676.6 

679.1 

611. 5 
6)1.8 

615.8 

617.6 
6  19.1 

660.9 

667.6 
66  1.  8 
66S.0 
66^.7 
667.6  ' 

668. 5 

669. 5 

650.6 

651.1 

6S7j^? 

6Si.o 

6S1.H 

656.6 

655.  1 
6S6.0 

656. A 

657.1 

657.9 

658.5 

659, | 

659.6 

660.  I 

660.6 

661.1 
661.6 
667.1 
667. S 
661.0 


1C. 5 
70. H 
77.6 


©.  86V 
7.763 
8.6)7 
9.676 


76. 5  lUt^Ol 

75.6  II. 1  id 

76.7  17.078 
76.0  17.97) 
71.)  I).80H 
77.6  I6.68C 

77.1  tS.SlS 

71. 5  16.171 

71.1  I7.I97 

70.6  17.987 

70.7  18.817 

19.8  19.709 
IV. 6  70.607 

19.1  71. SCI 

18. 7  77. )9S 

18.6  7).7R) 

18. 1  76. 166 

17.8  7S.017 
I7_^6  ?S,907 
!>. )  76. 7S6 
17.  1  77.600 
16. H  78.617 

16.6  79.7S6 

16.6  10.065 
1^.7  )0.H6I 
•6.0  11.668 

15. 8  17.687 

15. 6  11.178 

15.5  16,?7S 
IS.)  IS. 177 
1^1  16.069 
IS.O  16,966 

16.8  17.8S8 

16.7  18.7S0 

16. 5  19,619 

16.6  60.S7S 

16.1  61.608 


177.9 
196.1 
6i>6.  I 

6  I6.C 

671.6 
676.  ) 

678. 5 

6)C.1 

611.6 
6)7.1 


117.0 
)7S.9 
)90.6 
612.0 
671.  1 
62?. 2 
6  1).  7 
6  in.  1 


1.760 
I.  16S 
1.607 


.S6t  661.6  16.  I  67. 286 

.S60  661.8  16.0  61. IS9 

.906  367.0  6S.9  1.125 


362.0  57S.9  602.6 


1.7 
666.8 
66  7. S 

669.9 
6S7.0 
6S5.B 

655.5 
6S7.0 

658.6 

6S9.  I 

660.9 
667.0 
661.0 
66  1.9 
6  66.8 
66S.  7 

666.6 

667.7 

667.9 

668. 5 

669.7 

669.8 
670.  1 
6  70. V 

671.6 

671.9 

677.6 

672.8 
6M.S 

675.7 
676.  I 
6  76.S 
6/6.9 

6  7S.1 
6/S. 6 
676.0 
676.  1 
676.6 

676.9 

677. S 

677.8 

607.9 


1.667 

I.SSS 

I.60H 

1.666 

1.6/1 

1.697 

1.739 

1.776 
1.7)6 
1.766 
1.  /S6 
I.  766 
1.771 

1.777 
1.701 
1.709 
).  796 
1.79b 
I.HO) 
1.807 
1.810 
I.0I6 
1.0)7 
1.P70 
1.071 
1.076 
1.076 


I.H6S 
1.867 
).M6V 
I.HSO 
1.0S7 
).0S) 
I.HSS 
1.0S6 
i.ns7 
1.HS9 
1.060 
1.061 
1.062_ 
“  1.063 
1.066 
1.S9? 


$1- 


PRESSURE  PROFILE  DATA 

SYSTEP  LIQUID  aiPROPLllANr  PC  300  PSJA 

COMPONENT  TREF  FORMULA  DENSITY  Hf.AT  FORM  WT.  0/0 

_ D£G  K _ GM/CC  4KLAL/F0RH.WT,) _ 

8S.2  F2  l.bl  -3.47  9S. 

20.4  H2  0*071  -1.687  5, 

bULK  density  *  .7S0  OM/CC 

MIXTURE  RATIO  *  19.000  L8  OXIOWER  /  LR  OF  FUEL 


PRESSURE  PROFILE  CATA 
CHAMbER  ENTROPY  314.39  EU/ lOOGMS 


CHAMBER 


THROAT 


FROZEN  EXPANSION 


PRESSURE!  PSIA 

3C0.0 

134.  7 

60.49 

27.16 

14.70 

12.20 

5.477 

2.460 

1.104 

.496 

.223 

.100 

161.2 

TEMP!  OEG  K 

4597.6 

3746. 1 

3040.9 

2466-9 

2078.2 

lv/3.  7 

1574.6 

1246.6 

9oO.O 

766.6 

598.5 

466.8 

3923.1 

ENTHALPY  (-) 

13.36 

62.26 

83.90 

109.53 

125.77 

130.  16 

146.7  I 

159. B6 

170.23 

1  78.37 

184.72 

169.68 

44.2? 

CP 

.  4604 

.4531 

.44  39 

.4331 

.4236 

.42  1  1 

.  4076 

.3939 

.3843 

.  3788 

.  377  1 

.  3775 

•  4543 

IMPUL  OPT 

163.97 

247.  72 

289.25 

312.71 

310.79 

357.00 

369.42 

378.87 

386.10 

391.65 

163.87 

IMPUL  VAC 

287,47 

310.12 

332.42 

346.49 

550.26 

364.10 

374,75 

382.90 

3«9.  16 

.393,9  7 

397. 71 

285.56 

EPSILON 

1.018 

1.  366 

2.106 

3.045 

3.4  18 

5.683 

9.560 

16. 1 75 

27.473 

46.668 

80. 261 

1.000 

SHIFTING  EXPANSION 

PRESSURE!  PSIA 

300.0 

134.7 

60.49 

27.16 

14.70 

12.20 

5.477 

2.460 

1.104 

.496 

.223 

.100 

171.9 

TEMP,  OEG  K 

4597. 6 

4259.6 

3966.2 

3676.6 

3472.2 

341 1.6 

3154.  1 

7B6B.  1 

2587.6 

2209.0 

1817.6 

1483.0 

455H.7 

ENTHALPY  l-J 

13.36 

54.  16 

90.94 

124.20 

147.59 

154.54 

181.67 

206.33 

228.  39 

247.56 

265.54 

276.64 

42.  1b 

X  BAR 

S.880 

5.709 

5.563 

5. 412 

6.314 

5.2t56 

5.  17/ 

5.087 

5.024 

5.001 

5.000 

5.000 

5.759 

N 

6.660 

6.709 

5. 553 

5.412 

6.514 

6.286 

5.177 

5.087 

5.024 

5.001 

5.000 

5.000 

5.759 

CP 

2.5668 

2.4666 

2.2891 

2.0547 

1.8326 

1.7602 

1.4194 

1.04SB 

.6799 

.4282 

.3965 

.3830 

2.4923 

IMPUL  OPT 

186.40 

259.79 

310.63 

341.7? 

360.21 

382.66 

409.72 

432.51 

451.38 

466.52 

478.57 

158*35 
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2  /2.^»2 
2P/.it/ 
'C2.P*P 
}  l»«.  IP  J 
J  **i.C  l6 
‘1.9. P96 

*. f.r.t 


>i‘C.  Ul 
o«6. 2f u 
«.«2.  5p  I 

‘.I 

'^2.  *>.  3 
I?/ 
•-.I  3.P<.- 
CP9.«fi 
fC’j.Ll, 
62C.»‘<» 
6  <6. / U 


P  PVl* 

tuUc.uuu 

^66.U6V 

)  ii4.6  n 

611.692 
1.2.9?? 
3l,22t 
2i..rtr6 
2r.C2? 
16.  ?29 
U.  tOI 
12. set 
»C.9t? 
?2'; 


PC  ICOC.  PSI4  P 

UtNSKV  HtAI  FUNP 
OP/CC  (KLAL/fdPP.sl. 
I.S6H  -US. PS 

C.62C  */./S 

fMfl/th  (IPAN^lOh 
(  SIAM  •  ‘«H?9.0  ri/SfC 


.?»p 
?.p?9 
?.  l?2 
e.*i?2 


..CS6 
9.»  19 
9.2tL 
k  .  M9U 
I..9VV 
U,  it? 

M.  !€•> 
1.  PP6 
!.6?i 


26«'>.  I 
26J9.2 
2CS6.  I 
I69C.2 
l?29.U 
1639. 6 
1966.  \ 
19L9.9 
IU62. ? 
IS/2.  i 
MP?.  I 
I  399.9 
H2H.  I 
1 3t?.9 
12/9.9 

1296.9 

1239.9 
12?  1.6 


2.?  is 
2.61  . 
2.9*; 


n .  1 .  s 
I  M2.  ? 
MC2.  > 
K92.C 
1  H2.  i 
»C?i.C 
»tts.2 
IC99.6 
I '  S  ?.  S 
M  iv.S 
K  3  1.  9 


2.i.'9  K..I..6 
2.2S1  »t>?.S 
2.  U  i  tOI  .6 


I.  ?si 
*  .  t.t 
1.*%i 
I  .61. 
I.',?! 

I  .  -.v  ? 

U.6V‘ 


-69. /2 
-l(Ji.  is 

-  ISi.  36 
-196.36 
-16S.99 
-I/O. 3/ 
-I/S.H2 
•  I  ?M.S  t 
•IHI.S2 
-Ihi.  /? 

-  166.  IP 
• l»  P.  12 

-  lP9.  p-j 

-  IS  I  .  s  I 

-  192.63 
•IVS.  I< 

-  I9S. 3  I 
-196. SI 

-  I9?.S^ 
- I9H.  if 

21  I'.  Il 
-2C  •  . HP 

-21  I.6.- 
-2  2.  3. 
-2'. 

2t  3.6! 
2i.S.2! 
2‘  s.rti 
2t9. 36 
21  9.“/ 
21 6. 3. 
2'.  6.  HP 
2<  ?.  3<. 
.  I  ?.  ?'. 
2t-.2  * 


t  ttVAC  I  VIA 
2P 


i  vl 


Al 

16600 


.P2.? 
'.•.?.  9 
992. k 
ys?.s 
VS2.9 
93?.  ? 
IS2  '.  I 


123.  I 
22U.U 
2SP.0 
262.0 
2/1. S 
2/P.u 
2ns. c 

2HH.9 

292. 5 

299.6 
29P.9 

«'J  1.0 

>0  3.2 
*09.  3 
61s  3C/.I 

612  iOn.H 
616  31C.3 

6:p  3n./ 

6v?  3M.I 
6<l  3U.3 

60S 

6t3  316.9 

621  31/. 9 

6116  3  IK. 9 

9VV  31V. s 
9V«  32(.3 


32‘.3 
•2S.'. 
*2k./ 
329.  3 
329.  > 
326.9 
32/.') 
3?/. 6 
t;". ' 
326.6 

32..  I 


16.0 
31. H 
29.1 
2/. 2 
29./ 
2s.9 
23.9 
22./ 
22. C 
21.3 
2t.n 
2t.  3 
W.n 
I9.S 
I  /.C 
in./ 
le.s 
In.  I 
I  /.-. 
I/. 9 
I  /.  3 
I  /.  I 


.  IPl 
.  3/9 
.996 
.?S6 
.9  32 
I.U9/ 
I.2P3 
1.S62. 
I  .6S9 


2.9/3 

2.  /6S 
2.993 

3.  IS2 
3.  32i 
*.SI2 
•.6Vy 


223. V  ?2k.l 
262.3  26U.0 

2/9. W  2/n.! 
/n/.ti  2P6.  I 
2H6.n  291. G 

2P9.9  291.. u 

2V0.C1  2V6.9 

291.9  29«  .0 

299.  J 
2V'<.«, 


I  Al  J  VAC 

90660 


226.  3 
2?  /.  3 
2H  3.0 
292.9 
2th. 9 
3C  i.n 
3'/. 9 
310.6 
3  13.1 

319.2 
31/. I 
IIP. 6 
3J9.9 
32  I.  I 

322.2 
3?  3.  1 
32U.  J 
32U.*- 
'.29.*. 
326.  I 


32/. 3 
329.-, 


33.  .  1 
33'  .  3 
33t.i. 
3><'.9 
3  3'  .6 
33t./ 
Iir.- 
3  36.  / 


I  SFA  tf  VAC 
IVl 


226.6 
26?. V 
2NS.0 
29  3.  ? 

300.9 
3C9.6 
iOV.  ? 
3  13.1 
3  1'..') 

3/0. fc 
322.  > 
32S.C 

329.9 

326.9 
320.2 
329. u 
339. S 


1.226 
I.U36 
1.909 
I.9U? 
I.9?0 
).9I-U 
1 .992 
1.999 


33‘,.t 
3  36.  3 


33P.  1 
33h.  ? 
3  39.2 


I.2UC 
l.l>66 
I.99U 
I  .cOn 
l,6US 
l.6?3 
I.6V9 
I.  ?l  3 
I./29 
I  .  ?u/ 
I  .  ?9U 
I  ,  ?6U 
l.??3 
I./S2 
I  .  ?HV 
l.?P6 
I. 1-02 
1  .pOH 

I.PlU 


tP9U<!S 


I.CC. 
v.OCJ 
i.&Cc 
s.cc: 
9.cc: 
6. Cl: 
?.cco 
p  .  C  C 

«.cc: 

ic.cr: 

I  I.OCO 
I2.CCC 
U.CCC 
Is.CCC 
I9.0CO 
1 6 .  c  i : 

1  ?.ccc 
in.ee: 
I9.CC0 
2C.tCC 

2  I.ccc 

22. CC0 

23. GC0 
2S.CCC 
29.0CO 
26.0CC. 
2?.0CC 

2e.cco 

29.cca 

•c.cco 

3I.0CU 

32.UCC 

li.OCO 

3S.CC0 

39.0ca 

ie.oco 

37.0C0 
38.CC0 
39.OC0 
AO.CCO 
n  l.CCO 
S2.0C0 
Si. 000 

ss.oco 

A9.0C0 

S6.0CC 

sr.oco 

S8.CCC 

S9.0C0 

90.0CO 

M.03I 


1. » i? 
?.9Pl 
M.  0  ? 
19.2.3 


‘2.6?/ 
3".  /k  / 
k9.  /.k 
k  3..  >- 
sc. 919 

hr.  122 

tS.kl-, 

P3.21J 
VC. .93 
vn. ?fl3 
lce.9Ct 
119.  i;9 
123.611 
1  32.  116 
UC.f  is 
1  k  i.  *.  ? 
I  9 /.'.•.? 
166.610 
l?9.  3P9 
)PU.C?3 
I<2. ?k2 
?C  I. 3/9 
7CV.9/? 
218.92? 
22?.C29 
239. U66 
2k 3.es? 
292.  *C9 
261.83 J 
2/1. S2/ 
281. C/'S 
290. ?tS 
3CC.936 
310.32V 
320  .  I9? 
3iO.C Is 
339.899 
3S9. ?9U 
399.  ?C6 
369. 62S 
3?9.9kd 
389. H6U 
'99.  3/9 
SC9.2/9 
Sl9.  199 
68.096 


K  K'.tA  t|  PP  (SI.  At  Pt 
lit  »  ■(  At  /  I  «■ 

iccc.  't:  2i'p9. 1  -PS.  ?. 

9  ?S. 99?  26V9.8  • >v/. 1 3 

131.513  2S'.9.  ?  •  Is.’.  >k 

?i  .k/V  231  ?.  :  -  1',  ?.29 

S  1.-M  2.62.9  •  I'-A.  3 

3p.  ‘ks  3.9  •  1  ?  '.  .6 

"  .■>?  2  I  9  3.  S  '  1  ?K.  3. 

2^. hit-  .  Itv.i'  •  1-2.6. 

2  1.  'k6  /Ik-. 1  • Ip6.  4? 

Ip.  'S4  2»  3t  .  I  -  lp>. 

I  p  .  '>2k  2  I  I  s  .  2  •  I  9,'  .  3s 

Ik  .  ?kk  2  ll  ’  .  I  -I  vs.  1  ' 

I  *.2k/  2CP?.k  - IV/.O- 

12.C'  /  20/9.7  -I  .7.  12 
IC.i9t  2C69.S  -2( I,;: 

It.  123  2099. ?  *2v2. ?/ 

.. 3Sk  2Cs? . ?  -2CS. 3/ 

p.sm  2C3K.3  -209. HI 

K.CVt  2C3C.S  -2( ?.2I 
?.96V  2!’/  3.  I  -2l  -.SI 
?.  It-  2CI6.?  -2.  >.  ?-. 

P.69?  2tL9.6  -2 1 7  I 

6.429  2Ct3.u  *212.'/ 
9.5VV  Ivv/.S  -213.1)? 
•i.?C2  199  1.?  -2rs.0p 

9.S53  I9e6.6  -219.02 

9.188  I9NI.9  -219.93 
S.966  19/6.6  -216. HC 

U./62  17/1.9  -21?. 6s 

U.9/6  196/. S  -718. SS 
k.S09  1963.0  -219.21 

S  .2S/  1998,9  -21 V. >t 

S.ICI  1996.8  -226. 6r 

5ei  199C.9  -221. 3/ 

3. “19  19S/.2  -2/2. -k 

3.680  I9S5.9  -222.6V 

3.998  I9SC.D  -2.-3.32 
3.S59  I9i6.6  -223.  73 

3.32?  1933.3  -22S.92 

‘..222  IViO.O  -229.  1C 
123  1926,7  -229.66 

•,03C  1923.8  -2/6.20 

2.9U2  I92C.9  -226. ?3 

2.rt9y  IVld.O  -22/. 2S 
2./80  1919.2  -22/. ?S 

2.  ?C9  1912. U  -228.23 
2.639  I9C9. r  -22*. ?l 
2.968  190?.  I  -229.  I? 
2.‘-CS  t9CS.6  -229.63 
2.SS!  1902.  I  -230.0? 
2.386  1BV9.6  -230.91 

IS. 696  2099.?  -IVS.9t 


•.»-l»  I  IS'.  »  tPASS  16*. 

1.  StA«  •  -./Ss."  M/9K 
t“  tAi  /  1  *yl  '-(I.AI  ;  M  vAl  :  '.3  A 


.  »?3 


SK9 

P.SM/ 

fc.  9/  1 
/..9?2 
6.997 
6.919 

6.SS2 
6.s,9 
6.3?C 
6.  33? 
6.  its 
6.2/2 
6.2S  I 
6.21/ 
6.183 
6.199 
6.  12? 
6.  1'.  1 
6,0/9 
6,tk9 
6.C29 
6.CCP 
9,  7  ?  ? 
9.79s 
9.  731 
9.  7CV 
9. HP? 
9.H66 
S.8SS 
9.H2S 
9.809 
9.  ?H9 
9.  /t6 
9.?k/ 
9,/2h 
9./1C 
9.691 
9.6/s 
9.696 
9.639 
9.622 
9.6C9 
9.9H9 
9.9/2 
9.996 
S.9S1 
6.SS0 


'2.  .  . 


2k/. H 

26k.- 

/?•..? 


ilk. I 
3l6.? 
31V.'' 

321.5 
32  3.2 
359.  1 

326.7 
42P.9 
33C.9 
3  3  I . 
33/, 7 
33k. 2 

339. 5 

336.6 
33?.? 
34P.H 
33/. 8 
4S’-.H 

351. / 

352, ? 

353.5 

iSk.S 

359.2 
3S6.0 

356.8 
3S/.S 

isp.2 

4SH.7 

357.6 
390.  3 
39C.9 

391.9 
392.  I 

392. / 

393.3 

393.  R 
39s. s 
3SS.V 
308.2 


ICl.? 


k/.  3 


30./ 
3.J.  I 

27.9 
2V.: 
2H,6 
.'8.2 
2?. 8 
21. k 
21. \ 
26. y 
26,6 
26.  3 
26.1 
29.7 
29.? 

29.9 
29.  3 
29.  1 

29.6 

2s.  H 
2s.  ? 

25.9 
2s. k 

25.7 
2k.  I 
2S.0 

23.9 
23. H 

21. r 

73.6 

73.9 

23. 5 
23.3 
21,2 
23.  I 
21.0 

22.9 

22.8 

22. ? 
22.? 

22.6 

iti.fl 


.  3?/ 
.  9PS 
.  ?M 
.  79  . 
I  .  I  4k 
1.  30  1 
I.SP? 
I  .  6  ?'i 

1. -S" 

2.  '■3/ 
2.22? 
2.1  I  4 
2.S9P 
2./H 
2.  »?t 
*.  16. 
5.  399 
3.9S6 
«,  Ik^ 
'.7  31 
S.  129 
s.  319 
s.SCs 
S.69. 
S.  H/P 

9  .  Ot  1 
S,  ?S  3 
9,S22 

9.??3 
9.9V, 
P.  .  1  1  P 
6.3  16 
6.91S 
P./M 
p.7n 
/.lit 
/.  3f.9 
/.9Cp 
?./f  ? 
/,'?09 
P.  IC3 
P.  ICC 
P.S9/ 
P.692 
P.PP« 
7.')  1*2 
9.2/9 
9.S6P 
2.0S9 


3tP.2 


I  Al 

M.  O'. 

226.- 
2P.7.9 
2Pt.  I 


4  .?.  ■ 
31t,9 
313.  . 
tlk.H 
116.2 
31?. 2 
31/. 7 


31/. 3 


1  Al  1  /A( 
9  Cl 

22k. k  22“.? 
2?2./  2?>.- 
2/1.1  /92.1 

3  2.'.  303.? 

311.9  412./ 

416.?  llH. f 

321. P  123./ 
1.'9.?  12-.$ 

12k. 1  432.1 

34.'>.|  139.1 

33k./  33k. 2 

13/. C  IkS.P 
139.  •.  4k  3.  I 

4k6.H  3k9./ 

3s2.9  Ski. 2 
3h3.  ?  4SV.1. 

4s9.'  49C./ 

iN6.9  492.2 

is?./  19  3./ 

3«8.?  199. t 

1S9./  196. k 

l.t.6  IS/. 6 
391. k  19H.? 
392,2  197. P 

»«2.9  16. .V 

394.6  161.7 

4.k.2  162.- 

3'«S.P.  36  1.  ? 

3.9. 5  16k. 6 

399.7  169.9 

196, k  166.5 
396. V  >6/.C 
59?.  1  16?. 8 

49?.?  568.9 

3,f.l  36V. .■> 

19P.S  167. V 

3.K,?  4/C. 9 

199.1'  3/1.2 

199.1  1/1. P 

397.6  1/2.S 

3.9. P  1/2.9 
368.1)  1/1.9 

160.2  5/S.I 

36f.S  3/S.6 

360.6  5/9.1 

360,11  1/9.6 

360.7  ir6,l 
16).  I  1/6. P 

161.2  1//.C 
161. s  3??. 9 

355.8  318.  5 


t1  9F  A  Cr  VAC 


1.21k  I./I9 

l.kSS  1.k?9 
i.sir  i.-i/p 
1.9/7  1.65'/ 

1.607  l.fcHk 
1.6/7  l./IV 
1.6kS  l./k/ 

1.69  5  I  .  /?1 
i.69’«  i.ni 
1.661  I.POV 
1 .66  4  1  .62k 

I, -Ilf 
).r9l 

1.6/3 

I.K85 

I.PV2 

I  .  50k 
1.716 
1.925 
I.  72/ 
1.549 
I  .  7k  I 
I.Vk? 
I.V92 
1.79? 

I.®6? 
1  .V?2 

1. V/6 

I  .  '7  8  k 

1 .972 
1.979 
1.097 

2, '  02 
2.::6 
2. 00'? 
2,1.  12 
2.019 
2.0)8 
2.021 
2.C2S 
2.f'26 
2.029 
2.05? 
2.05S 
2.03/ 

1.665  1.029 


-8»- 


PRESSURE  PROFILE  DATA 

SYSTEM  LIGUIO  BIPROPELLANT  PC  1000.  PSIA  PF  0.1  PSIA 


COMPONENT 

TREF  FORMULA 

DENSITY 

HEAT  FORM 

NT 

OEG  R 

UM/CC 

ikcal/fokh.wt. 

) 

298  H2»02 

1.448 

-44.84 

70 

298  eS*H9 

0.620 

♦  7.74 

30 

PULK  DENSITY  «  U034  GM/CC 

MIXTURE  RATIO  «  2.J33  LB  OXIOI/ER  /  LB  OF  FUEL 

PRESSURE  profile  DATA 


CHAMBER  ENTROPY  32S.5R  EU/IOOGMS 


HKESSURE,  PSIA 

Chamber 

lOCO  398.1 

158.5 

63.10 

FROZEN 

25.12 

EXPANSION 

14.70  10.00 

3.981 

1.585 

.631 

.251 

.100 

THROAT 

564.6 

TEMP,  OEG  K 

3010.0 

2603.1 

2245.2 

1930.3 

1653.2 

1507.6 

1409.6 

1195.5 

1008.2 

644.9 

703.2 

580.8 

2751.4 

ENTHALPY  {-) 

88.60 

116.56 

140.70 

161.49 

1  79.34 

188.51 

194.59 

207.56 

218.53 

227.75 

235.46 

241.65 

106.4? 

CP 

•  6924 

•  6810 

.6674 

.6522 

.6351 

.6246 

.6159 

.5956 

.575? 

.5544 

.5325 

•  5110 

•  6857 

IMPUL  OPT 

155.96 

212.90 

251.82 

280.96 

294.82 

303.66 

321.70 

336.21 

347.94 

357.44 

365.13 

124.53 

IMPUL  VAC 

234.60 

262.59 

287.94 

308.68 

318.91 

325.53 

339.21 

350.34 

359. 38 

366. 71 

372.63 

228.63 

LPSILON 

1.071 

1.  700 

3.104 

5.986 

8.891 

U.862 

23.853 

4B.34B 

98.346 

200.137 

406.454 

1.000 

PRESSURE,  PSIA 

loco 

398.  1 

158.5 

63.10 

SHIFTING  EXPANSION 
25.12  14.70  10.00 

3.981 

1.585 

•  631 

.251 

•  100 

574.3 

TEMP,  OEG  K 

3010.0 

2704. 1 

2434.4 

2286.7 

2158.6 

2088.4 

2039.8 

1928.6 

1823. 1 

1722.2 

1625.6 

1533.5 

2822.8 

ENTHALPY  (-) 

8b.  60 

U7.00 

142. 34 

165.29 

186.44 

197.97 

205.92 

223.91 

240.54 

255.91 

270.14 

283.31 

106.08 

X  BAR 

5.450 

5.419 

5.  386 

5.259 

5.131 

5.061 

5.011 

4.898 

4.791 

4.691 

4.599 

4.513 

5.430 

N 

5.450 

5.419 

5.400 

5.395 

5.392 

5.390 

5.389 

5.387 

5.385 

5.364 

5.383 

5.383 

5.430 

CP 

1.0558 

.9804 

4.9577 

5.B221 

5.4946 

5.1790 

4.9312 

4. 3046 

3.698b 

3.1885 

2.8019 

2.5147 

1.0094 

IMPUL  OPT 

157.17 

216.22 

258.30 

291.74 

308.46 

319.47 

343.09 

363.56 

381.52 

397.41 

411.57 

123.31 

IMPUL  VAC 

237.78 

268.65 

298.55 

324.57 

338.08 

347,13 

366.89 

364.33 

399.83 

413.67 

426.11 

230.78 

epsilon 

1.082 

1.  768 

3.409 

6.983 

10.771 

14.783 

31.950 

70.030 

155.051 

345.975 

776.960 

1.000 

132.60  R 

•  OOCO 

•  oooo 

.0000 

COMPOSITION  SHIFTING  IMOL/lOO  CM) 

.0000  .0000  .0000  .0000  .0000 

.0000 

.0000 

•  OOOO 

•  OOOO 

•  OOOO 

U4.76  fl*H 

.00  CO 

.0000 

.0000 

.0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

.0000 

•oooo 

.0000 

.0000 

-47.13  H*H*C 

.8695 

•  4622 

.3517 

.2603 

•  1833 

.1451 

•  120B 

.0732 

.0401 

•  0196 

•  0086 

•  0035 

.5057 

-133.32  R»H*C2 

1.17C8 

1.1968 

1.1851 
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a.  ,si 
a.  Sal 
a.  |p  9 
a. CSC 
5. Pay 
s./ia 
'.S69 

S.alS 
5. SIC 
S.I91 

1. C01 
2.9B  I 
P.ppa 
7.  /9a 
7.  /C9 
7.679 
7. ssa 

2. aBl 
7. a  16 

2. 552 
7.792 
7.21S 
7.  in  I 
2.  1 10 
7.0MI 

la. 696 


tt*P  IMf-AlPt 

(  IC  »  aCAl  /  n‘.<» 


l?yC.s 
?t99.  / 
2ais.9 
2al/.s 
/SCS.p 
771  I. s 
?tal.S 

2:pv.- 

?rsi.s 

2C.  i.« 
IvvB.? 
I9pC.> 
I9p6./ 
n,a.9 
I9aa. 0 
1911.2 

1925.1 
IVla.C 
I9ts. S 
IH9/.2 
iBPC.a 
ipp/.a 
ip/S.a 

1869. 1 
IPP  5,0 
US/.  1 
li5SI.6 

uaa.? 
ua  1. 1 
use. 2 
usi.s 

U/6.9 
IP7/.S 
IMP.l 
iMa.7 
UIC.l 
uca.a 
I0t2. / 
I  /V/.? 
1 /9S. / 
1792.S 
1/89.0 
l/BS.ei 
1 162.  1 
1 1ll. / 

I  Tit.  r 

I //  1.9 
1 //  I.  I 
I /60.  1 
I/6S./ 
1/65.0 
20CO.C 


•9/. 2a 

•  lU.aa 

• ISa.PC 

•  1/1. SS 

-  UC.M 

-  I-  /.2S 

-  1  y2.a  I 

•  IV6.S*. 
-?f  '■.t-. 
•/I.2.9S 
-?iS.a. 
-?C  /./a 
-2C  9.  /•. 
-2  I  I.S/ 
-?M.2a 
-2la./e 
•216.21 
•2  I  /.sa 
-2IH./" 
-2  I  V. 9s 
-721. SS 
-2/2. Cp 
-2/  1.  It 
-22a.;: 

-2/a.Pr 

-22S. IS 
-226. Sa 
-77/. SI 
-7/H.OS 
-?2t*.  /a 
-729. as 
-710.11 
-710. /S 
-711.  Sa 
-711.96 
-2  S7.S5 
-211.09 
-251.65 
-2la.  Is 
-2ia,6t 

-71S. IS 
-25S.61 
-7  56,  10 
-216. SS 
-/ 16.99 
-23/. a? 

-21/. sa 

-21H.7S 
-21*1. 6S 
-739.0a 
-219. ai 
-7CS.?/ 


Sp 1/  t  IHu  ( IPAKSIPS 
f  SUP  •  6'A?.a  M/S<C 
1  'IPS  '’ii/ac  I  M  /*c 


(  P  CAt  / 
i/P  Ha 
I  .  IsS 
l.ois  121./ 
.Mut  77P.C 
.HI2  ?Sa,2 

269 .7 
2/v.  9 

2P/.“ 
291.  9 
299. C 

501. 7 
S06.9 
SIC.O 
S12.  9 
SIS, a 

l.HU  SI/./ 
1 .  M  I  '  5  I  V  .  6 

l.HCI  S2I./ 
1./9S  J2S.S 
l./Ht  i?S.2 
1.//9  l?a./ 

1.//2  S/P.? 

1./66  S7V.6 

1. /an  ss<  .  / 
S./sa  5S2.I 
l./fcp  SS*,2 
1.  /as  isa.  S 

$,/5/  SSS. a 
5,/17  S56.a 

1./2/  SS/.l 
1.//S  s)e.i 

1.  /u  ssv.  I 
l.na  sac.O 
1./09  sar.p 
5, /os  sas.6 
1. /Cl  5a7.  1 
1.69/  sas.i 
l,6v.i  sai.H 
3.661  saa.s 
1.6B6  sas.  I 
1.6B7  sas.H 
3.6/p  sa6.a 
3.6/s  sa/.o 
1.6/1  la/. 6 
1.66H  San.  I 
S.66S  lan./ 
3.66?  say. 2 
5.6SA  Sa9./ 

1.6SS  ISU.l 
1.6S7  ISC./ 
5.6a9  1SI.2 

1.6a6  ISI./ 
3.n6?  SOS. 6 


1C". 7  .I"" 

ao.a  .  Spr 

a  a."  .Sp'> 

•a. s  . /aa 

15.5  .961 

51.5  I.UC 

s;.i  I.•?C 

29.3  l.SM 
2P.1  I.avr. 
2/.S  ‘.PPI 
76./  2, c/s 

2a. 2  7.26. 

7s. H  2.aap 
?S.a  7.6}< 
7S.C  2. “SC 
2a./  *.026 

2a. a  1.721 
?a.l  *.al/ 
7$.V  5.612 

21.6  *.PCa 

>}.a  S.9V9 

21.2  a.l9i' 
21.0  a, 199 
22."  a.sao 

22.6  a.rsa 

72. 5  a,9S2 

22.1  s.ni 

22.1  S.7P/ 
22.0  S.aM 

71. 9  S.6S/ 
71,/  S.rtSl 

71.6  a.Psa 

71. 5  A.2Sa 
71. a  a.asf 

71.1  p.atc 

21.7  6. Pa? 

21.1  /.nai 

21.0  /.26a 

20.9  /.aas 

20. H  /.aaa 
20./  /.P/1 

70.6  P.06I 
20. S  P.?Sb 
2u.a  p.asa 

20.1  P.aav 

70.1  p.iav 

20.7  9.Cia 

70.1  9.7?a 

70.0  9. all 

70.0  9.601 

7/. a  I.H6a 


I  4 
I  ai 


/  >y.  5 
2  2V./ 
1'  7.S 
laa. 6 
s.  s.  / 


1C  6,6 


2)'  .  . 
2/.  .S 
2P'-.S 
2*1. t 
scs.s 
10/. a 
1 1  . .  s 

<12. a 
111.  / 
SK.y 

sis.s 

Sl>.9 

lla.o 


Sla.rt 


Ml. 6 

2/S.- 


5  «  '  ,  / 
Mf.< 


SSI. 

<s<.2 

1<S.2 

IS/.'. 

SSP.6 


Sa2,a 

SaS.S 

<aS.  S 


I'.a.'f 
Sa/.a 
sap. 2 
Sa".  9 
lav.  a 

ssr. c 

S*»''.  • 
ssl.a 
S  .1./ 
S  >2.  I 
S>2.a 
SS2./ 
SSS.O 
S'.!. 2 
SiS.S 

sss.  r 
sss. 9 
S  >a.  I 
ssa,  2 
Ssa. a 
SSa.S 
ssa.  / 
ssa.s 
isa.v 
sss.c 
sss.  1 

SjS.? 

sss.  s 

ISC.P 


24( 


2  51./ 
2/6.9 
29a.  S 


5 n.  < 

12a. 

<2/.. 


5  Sa.2 
s<a.- 
s</.i 
la  1.2 
sal.  I 


-6/ 
a2a 
l  tt 


/  a  < 
/t  1 
/// 


laa,. 
sa  /.  » 
5a9.< 
SSC.6 
ISI." 
SS?.* 
sSa.  V 
5SS.  1 

ssa.  . 
is/. ) 
ss/.- 
ss«.  / 

5S9.'. 

sas.  5 

561,. 
)6  I  ,  / 
S62.a 
S'  s.  I 
sa  1.  / 
saa .  5 
5/a. 9 


«  "2 
•  6/ 
••7  1 
,9l' 
7S2 
»C  / 


'  1  V 
V2  S 
72/ 
Vlll 
t  15 
91/ 
vac 


566.  I 


saa 


Sa/.  1  I.9S2 

la/./  1. vsa 

Sb". I  1 . 9S  / 

55". a  l.vaC 

167,  1  1,962 

ifrv.a  I.V6S 

S/0,C  1.96/ 

s/0. a  i.'vaJ 

S/C.9  1.9/7 

s/l.s  1.9/a 

5/1./  1.9/6 

isa.c  l.asc  1.//S 


PReSSURE  PROFILE  DATA 
SYSTEM  LiguiD  fllPROPELLANI  PC  300.  PSIA 


Pt  0.05  PSIA 


COMPONENT  IREF  FORMULA 
DEG  K 


DENSITY  HEAT  FORM  WT.  0/0 

CM/CC  (KCAL/FOPM.MT.) 


298  H?*02 

298  85*H9 


l.AAtt  >54.84  84. 

0.620  ♦T.TA  36. 


eULK  density  »  .978  GM/CC 

MIXTURE  RATIO  »  1.778  LB  0XIDI2ER  /  LB  OF  FUEL 


PRESSURE  PROFILE  DATA 
CHAMBER  ENTROPY  343.20  EU/iOOGMS 


PRESSURE*  PSIA 

CHAMBER 

300,0  125,7 

52.66 

22,06 

FROZEN 

14.70 

EXPANSION 

9.244  3.973 

1.623 

.680 

.285 

.  1  19 

.050 

THROAT 

168.5 

TEMP,  DFG  X 

2566. 3 

2221.6 

191 7.6 

1649.6 

1535.7 

1413.7 

1205.9 

1023.8 

864.6 

725.9 

605.7 

502.0 

2332.8 

Fi^HALPY  I-) 

79,95 

104.34 

125.42 

143.59 

151.18 

159.19 

172.53 

183.88 

193.49 

201.59 

208. 37 

214.01 

96.53 

CP 

.  7U3 

.7003 

.6858 

,6696 

.6619 

.6514 

.6325 

.6135 

.5941 

.5736 

.5531 

.5330 

.7051 

IMPUL  OPT 

145,65 

199.88 

235.28 

248.92 

262.55 

283.79 

300.69 

314.29 

325.30 

334.24 

341.50 

120.07 

IMPUL  VAC 

223,46 

248.07 

271.05 

280.39 

290.02 

305.47 

318.06 

328,32 

336.69 

343.48 

349.00 

219.19 

rPSlLON 

1,052 

1.588 

2.796 

3.640 

5.051 

9.514 

Id. 194 

35.087 

67.934 

131,677 

254.917 

1.000 

PRESSoRc,  PSIA 

300,0 

125.7 

52.66 

22,06 

SHIFTING  EXPANS 
14,70  9.244 

>10N 

3.873 

1,623 

•  680 

.285 

.  1 19 

.050 

174.1 

ThMP,  DEG  K 

2566.3 

2  38  3,9 

224  7.8 

21 30.6 

2079.0 

2021.7 

1918. 7 

1819.2 

1719.6 

1633.0 

1568, 1 

1506.3 

2433.8 

ENTHALPY  (-) 

79.95 

104.87 

127.74 

148.92 

158.27 

166.55 

186,77 

203.71 

219,45 

234.05 

247.77 

260.67 

95.87 

X  RAM 

5.9CI 

5.  793 

5.662 

5.931 

5.473 

5.408 

5.295 

5.191 

5.098 

5.006 

4,905 

4.811 

5.848 

'i 

5.9CI 

5,991 

5.885 

5.882 

5.880 

5.879 

5.8T7 

5.875 

5.673 

5.886 

5.914 

5.940 

5.892 

CP 

.9799 

5.9780 

6^1892 

5,7030 

5.4316 

5.0825 

4.3207 

3.4522 

2.5384 

7.6081 

6.8080 

5.9221 

7.0218 

IMPUL  OPT 

147.23 

203.89 

244.95 

261.03 

277.62 

304.84 

328.  12 

348. 36 

366.14 

382.09 

396.50 

117.66 

IMPUL  VAC 

228, 32 

257.86 

286,54 

298. 71 

311.67 

333.65 

353.00 

370.12 

385.44 

399.49 

412.30 

222.24 

FPSUON 

1 .074 

1,  706 

3.1  38 

4,268 

6.131 

12.382 

25.521 

53.267 

112.794 

242.723 

525.933 

1.000 

IJ2.60  P 

.COCO 

.0000 

.OCOO 

COMPOSITION  SHIFTING  INOL/lOU  CM) 

.0000  .0000  .0000  .0000  .0000 

.0000 

•  OOOO 

.0000 

.0000 

.0000 

114,76  R*H 

.0000 

•  OOCO 

•  OCOO 

.0000 

.0000 

•  OOOO 

.0000 

,0000 

.0000 

.0000 

.0000 

.0000 

.0000 

-47.13  o«»’#C 

l.026b 

.9169 

.8236 

.7428 

.7080 

.6705 

.6060 

.5475 

.4926 

.4251 

•  3487 

.2796 

.9531 

-1)5.32  F»H#e2 

.  5463 

.4495 

.  3503 

.2602 

.2225 

•  1829 

.1190 

.0690 

.0333 

.0175 

.0129 

.0092 

.4698 

66,00  F*h2 

.OOC3 

.0001 

,0C0l 

.0030 

.0000 

.0000 

.0000 

.OOOO 

.OOOO 

.0000 

.0000 

.0000 

.0001 

-45,00  H«H2*02 

.0000 

.0000 

.OCOO 

.0000 

.0000 

•  OOOO 

•  OOOO 

•  OOOO 

.0000 

•  OOOO 

.OOOO 

.0000 

.0000 

l^'.OO  ri*r«3 

.0004 

.0003 

.0G02 

,0001 

.0001 

•  0001 

.0001 

•  ooci 

•  0001 

•  0001 

.0000 

.0000 

•  0003 

-  ?3a.60  e*H3«03 

•  OOCO 

.0000 

.OCOO 

.0000 

.0000 

•  OOOO 

.0000 

.0000 

•  OOOO 

•  OOOO 

.0000 

•  OOOO 

.0000 

5,74  ri*'’ 

•  0244 

.0153 

.0107 

.0077 

.0066 

.0055 

.00)7 

.0024 

.0015 

•  0008 

.0005 

.0003 

.0170 

-84,00  e**’2 

.0039 

•  0021 

.0013 

.0007 

.0006 

.0004 

.0002 

.0001 

•  OOOO 

•  OOOO 

.0000 

.0000 

.0025 

199,30  h2 

•  OOOO 

.0000 

.OCOO 

•  OOOO 

.0000 

.0000 

•  OOOO 

.0000 

.0000 

.0000 

.0000 

•  OOOO 

•  OOOO 

-111, 60  82*02 

.  3039 

.2974 

.2859 

.2759 

.2726 

.2700 

•  2683 

,2717 

.2810 

.2654 

.2169 

.1708 

•  3035 

-210,10  fa2*03 

.  3197 

.  3378 

•  3221 

.2919 

.2754 

.2546 

.2100 

.1592 

.  1049 

.0713 

.0596 

•  0484 

.3452 

-541,69  B3*H3*06 

.0000 

•  OOOO 

.OCOO 

•  OOOO 

.0000 

.0000 

.0000 

,0000 

.  OOOO 

•  OOOO 

.0000 

.0000 

•  OOOO 

52,10  H 

.0339 

.0233 

•  0180 

•  0142 

•  0127 

.0110 

•  0082 

•  0058 

.0038 

.0025 

.0019 

.0015 

•  0250 

9,3)  H*d 

.0001 

•  OOOO 

•  OCOO 

•  OOOO 

.0000 

•  OOOO 

.0000 

.0000 

.0000 

•  OOOO 

.0000 

•  OOOO 

•  OOOO 

,00  H2 

3.5972 

3.7234 

3.8329 

3.9273 

3.9667 

4.0082 

4.0766 

4.1335 

4. 1606 

4.2231 

4.2640 

4.3007 

3.6794 

-57.80  H2*0 

•  0442 

•  0271 

•  0166 

•  0098 

.0074 

•  0053 

•  0026 

.0011 

.0004 

.0001 

.0001 

•  0001 

•  0319 

59.56  0 

•  0000 

•  OOOO 

•  OOOO 

•  OOOO 

.0000 

•  OOOO 

.0000 

.0000 

•  OOOO 

•  OOOO 

.OOOO 

.0000 

.0000 

.00  02 

.0000 

•  OOOO 

•  OCOO 

•  OOOO 

•  OOOO 

•  OOOO 

•  OOOO 

•  OOOO 

•  OOOO 

.0000 

•  OOOO 

•  OOOO 

.0000 

-  305.34  P2*03/C 

.0000 

.0973 

•  2235 

.3511 

•  4078 

.4704 

.5819 

•  6842 

.7750 

•  8524 

.9248 

•  9926 

•  0445 

.00  B/C 

•  0000 

•  OOOO 

.0000 

•  OOOO 

.0000 

.0000 

•  OOOO 

.0000 

.0000 

.0277 

.0840 

•  1366 

•  OOOO 

96- 


SYSTEM  LIQUID  IIPRSMELLANT  MC  )00.  MSI« 


PE  O.OS  PSI* 


l.OOQ 

?.OOQ 

J.OOO 

4.000 

s.ooo 

b.OOO 

T.OOO 

a. 000 
9.000 
10.000 
11.000 
u.ooo 

I T.OOQ 
14,000 
1^.000 
14.000 
1  r.ooo 
la.coo 

19.000 
^O.OoO 
.'1,000 
^.•.000 
^ i,0C0 
<'4.000 
^•>,000 
^b.CoO 
?1.000 
<H.OOQ 
«'9,0'.i0 
iO.OCO 

u.ooo 

>/.oco 

} l.CoO 
14.000 
IS. coo 
>4.000 
37.0C0 

)e.ooo 

T9, 000 
4O.0u0 
41.000 
4^. Quo 
4J,C00 
44.0C0 
4  S . 00  0 
44.000 
4  f.Ol'O 
44.000 
49.0^0 
SO.Ol9 
T.440 


Pt/P 

l.OCO 
1.741 
l.l<:9 
IS.4S6 
iJ.)97 
)2.0C9 
41.S41 
SI. 42? 
41.9?) 
7?.?1% 
I<).|44 
9S.1S9 
IC7.494 

i?o.o?e 

I  3?.4S? 

14S.?II 
IS7.P14 
I  70.?  17 
ln?.Sll 
196,177 
210.9C1 
?.’S,449 
?4rj,b4? 
?SS.7P? 
?7l.0S4 
?P4.4<  ) 

ir|.BS7 

U7.1.-4 

)]?.6C4 

l«i(j.?7S 

161.109 

179.094 
)>4.4?C 
40.4  7h 
4?4,8S» 
4  J9.96  1 
4S7.U7 
474,7*9 
*9?.SC4 
Sl-.'.19 
S.'*,*6? 
Ssb.oM 
S44.J.S 
SH).**? 
1. 1  I  .  9  P  ' 
4.'7.bf9 


<  9S.a  IS 
714.7*3 
?3.*14 


P  PSU  TEMP  EMThALPY 


300. COO 
16a. 472 
)).9ao 
19.404 
I?. 122 
9.  37? 
7.??? 

s.ai  1 

4.64S 
4.  IS4 

i.boa 

1.  IS) 
?.  791 
?.49'9 
?.?4? 
?.CbS 
1.901 
1.74? 
1.444 

i.s?a 
1.*?? 
1.  129 
1.24  7 
1.17) 
1.  107 
1.C4  7 
.  994 


.761 
.7)/ 
.  704 
.46? 
.6)4 
.4)2 
.409 
.366 
.  S44 


OEG  a  RCAl/lOOGN  CM  DEC 
2S66,)  -79.93  .719 

-96. S) 

-1)5.97 
-146.00 
-)S).57 
-tSB.9S 

-it).oa 

-t66.)9 
-U9.)) 

-)  71.4b 
-I  7). 46 
-17S.?S 
-1 76. •* 

-178.24 

-  I  79. S4 
-180.71 
-181.79 
-182.79 
-183.71 
-184. S7 
- 18S. )7 

-  1 B4. 1 ) 

- IHb. B4 

-187. SI 
-18»«.15 
-188. 7S 

-  1 89.  )? 

-189.84 
-19  16 

-190.86 
-ISl.  14 
-191.61 

-  1  .2. ?S 
-l>.?.b7 
-19)..'» 

-l4l.4b 

-  193.84 
-194. ?u 
-1S4.SS 
•194.89 
-19S.?/ 

-19S.S* 

-19S.64 
•194.14 

-  196.41 
•  196.  7? 

-  4  76.9V 
-197.24 
-19>.S? 

-19’. 77 
-196.0? 

• ISl. 11 


748?  1*668  -46.84 

)*H9  0.620  *7.76 

PMM2EN  EMPANSIflX 
C  STPM  •  6676.8  ff/SEC 
CP  C6L?  I  OPT  DCLVAC  0EIV6C  I  SE6  I  8T 


23)2.6 

1742.4 
16t).4 
1699.) 
1617.) 
I )S).7 
I )02.) 

1259.5 
1222.8 
1 190.9 

1 142.7 
I  1  )7.4 

1116.7 
1096.0 
1073. 1 

1057.7 

1061.6 
1026.4 
1012.3 

999.) 
967. C 
973.  1 
46*.? 
9S).8 
94). 8 
9)4.) 
923.) 

914.6 

906.4 

900.4 
892.8 
883.3 

879. 5 

871.7 

843.1 

838.8 

832.7 

844.7 
841.0 
8)3.4 
4  tt.O 

424.6 

819.7 

814.6 
810.0 
8«S.) 

800.1 
794.  » 
792.0 

747.7 
13)3.7 


.VOS 
.679 
.667 
.639 
.632 
.666 
.662 
.6)8 
.6)6 
.6)1 
.628 
.626 
.62) 
.621 
.619 
.617 
-413 
.414 
.612 
.611 
.609 
.408 
.607 
.  403 
.404 
.60  ) 
.602 
.601 
.600 


2)9.7 
23). 1 

242.2 

248.9 

276.2 

278.3 
282.1 
283.2 

287.9 
290.) 

292.4 
294.6 
294.  1 
297.  7 
299.  I 
)b0.6 
)0I.7 
)02.8 
)0).9 
)04.9 
)03.9 
)C4.8 
)07.  7 
)08.3 
)09.2 
)10.0 
)10.  7 
)U.) 
)12.0 
)1?.4 
)l).  I 
)l  *.  7 

.394  )14.2 


.393 


.39) 

.392 

.392 

.391 

,390 

.389 

.389 

.388 

.387 

.386 

.386 

.383 

.386 

.384 

.38) 

.662 


>14.8 
)13.  ) 
)13.7 
>14.2 
)14.  7 
)1  7.  I 
717.3 

117.9 
)18.  ) 
118.  7 
)19.1 
)19.3 
)I9.8 
)2C.2 
)20.3 

248.9 


99.1 
61.9 
)6.) 
)0.2 

27.6 

23.7 

24.2 
2). I 
22.1 


20.0 

19.6 

19.0 

11.3 


/P 

.386 
1.221 
1.749 

2.  )37 
2.96) 
1.333 
6.167 
6.739 

3. )21 
3.902 

6.3) 2 
7.139 
7.  777 
6.  )8I 
6.967 

9.3) 4 

17.8  1C.04C 

17.4  lO.bOS 

17.1  11.207 

16.8  11.8)4 

16.6  12.440 
lb.)  1).&83 
lb.  1  1).708 

13.9  14. *24 

13.6  14.9)9 

15. 4  13.34S 
13.)  16.14) 

13.1  16.7)4 

14.9  1  7.  )!•• 

14.8  17.H«(- 

14.4  16.448 
1‘.3  I9.f09 
14  )  19.34? 

14.2  20.073 
14.0  20.398 
1).9  21.211 
1).8  21.8)4 
1).7  22.439 
1>.6  2). 084 
l).3  2  ). 704 
l).4  74.))? 
n.)  24.934 
l).2  23.37* 
l).l  26.199 
11.0  26.817 

12.9  27.4)4 
12.8  28.048 

12.7  28.439 
12.6  29.247 

12.3  29.871 
2.14? 


tWL 


10000 


2IC.S  21). 1 
260.6  266.2 
268.0  233.9 

239. 1 


216.2 
236. T 

271.0 
279.) 
284.7 
268.3 
291.) 
29). 3 

293.2 

296.3 

297.4 
2  48.1 

248.4 
299.0 
299.) 
299.3 


)l.3 


266.9  238.4 


219.2 

236. 7 
276.0 
2B).) 

289.7 

296.6 
296.4 

301.6 
)04.) 

306. 3 
>08.3 
310.) 
>11.9 
3)  ).) 
)16.6 

313.6 
316.9 
31  7.9 
)18.8 
>19.7 

320.3 
321.) 
322.0 

322. 7 
)?3.) 
323. V 

>24. S 

323.0 
)23.6 
)2b.l 
)26.b 
)27.0 
)?7.3 
)27.9 
)2«.  ) 
>28. 7 
)29.1 
>29.4 
)29.8 
3)0.1 
))0.S 
))0.8 
))l.l 
)il.4 
3)1.7 
>);.£ 
))2.2 
3)2.3 
)32.6 
)3).0 
280.* 


I  .193 
1.366 
I  .605 


1.262 
1.666 
1.333 
1.603 
1.662 
1.669 
1.691 
1.  709 
1.726 
1.737 
I.76B 
1.731 
1.767 
1.77S 
1.  782 
1.789 
1.793 
1.801 
1 .806 
1.81  I 
1.816 
1.820 
1.826 
1.828 
1.8)2 
1.8)3 
1.83B 
1.862 
1.863 

1.867 
1.8  30 
1.83) 
1.833 
1.068 
1.860 
1.862 
1.866 
1.866 

1.868 
1.870 
1.872 
t.R76 
1.676 
1.6  76 
I.M79 
1.681 
1.862 
1.666 
1.663 


EPSIlOS 


I.OOu 

2.000 

1.000 

4.000 

s.ooo 

b.OtiO 
7.000 
8.000 
9.000 
IC.OuO 
11.000 
12.000 
l.OOC 
14.000 
13.000 
lb. 000 
I  7.000 
18.0JO 
19.0)0 
20.00U 
21.000 
22.000 
2 ).0O0 
24.000 
23.000 
26.000 
27.000 
28.000 
29.000 
)C.OOO 
)l  .000 
>2.000 
)).000 
)4.000 
33. 000 
34.000 
17.000 
36.000 
>9.000 
40. COO 
41.000 
42.000 
6). 000 
66.000 
43.000 
44.000 
47.000 
48.000 
49.000 
30.090 

^.240 


PC/  P 

I  .OvO 
1.7?4 
7.34'' 
12.971 
18. 7  >0 
23.096 

11. 4:0 

18.31? 
43, 7‘) 

31.074 
fJ.4Cl 
67.4*9 
7*. 7/3 

90.4  I* 
V8.8V7 

1:7. 2*6 

114.4  11 
I ?*.)!* 
1 12.  )i; 
l*[).b(6 
1*8. a'l) 
147.0  11 
1(3.071 
I  /  j.OCfl 
I  80.6*0 

1  89.219 
1S8.1  19 
2:7.311 
216.7.) 
224. U7 

2  !3.*t6 
2**. 842 
234.2P6 

26) . 729 

27) . 18) 
282.6*1 
292.094 
)CI  .3  )e 
)10.963 
J70. 349 
329.746 

3  19.090 
)4B.398 
>37.666 
>46.891 
3  76.070 
383.201 
>94.28) 
*1.3.114 
612.2N% 

20.416 


P  PSU 

lOt.COu 
1  74.C41 
39.  769 
23.  128 
13.V49 
II.IS) 
’9.49* 
7.703 
6.337 
3.632 
•  .967 
*.*13 
*.Cl? 
1.4)9 
3.  11  I 

1. :"!) 

2.  7V? 
?.37* 
2. *19 
2.266 
2.111 
2.013 
1.91') 
1.817 
1.7)4 
1.649 
1.304 
1.31) 
1.446 
1.  184 
1.  )2  7 
1.274 
1.223 
1. 180 
1. 1)8 
I.C98 
I.C61 
1.02? 

.  994 
.964 
.936 
.910 
.884 
.861 
.0)9 
.810 
.  790 
.779 
.761 
.  746 
.;?» 
14.696 


lf«P 
OEv 
2S46.) 

24  1). 8 
2212.7 
2  I  18.4 

2089.6 

2031.3 
2v23. 1 

2091.4 

<  V«« .  " 

1 944.4 

1949.1 

1933.3 
192). 1 

1911.9 
1  901.3 

1891.9 
I  8'»3.0 
18/4.4 
I  844.0 

1839.4 

1832.1 

1043.7 
18  19.4 
le  D.i 

1827.6 
1622.0 

1814.7  -2C6.12 

1811.4  -2C6.94 

1806.)  -203.77 

1801.3  -204,33 

1796.8  -2?7,29 

1792.2  -208,01 

1  767.9  -2C8.70 

178). 4  -209. )7 

1779.3  -210.02 

1773.3  -210.64 

1771.7  -2)1,23 

1768.0  -211.83 

1  764.)  -212.60 

1  760.8  -212.93 

1  747.6  -213.49 

1744.1  -216.01 

1  730.8  -2)6.32 

1767.7  -2)3.02 

1  764.4  -213.30 

1741.7  -213.97 

17)8.7  -214.62 

17)3.9  -214.87 

17)). 1  -2)7. )l 

)7)0.6  -217.7) 

1  727.9  -2L8.)5 

2079.0  -)38.27  3.632 


117.7  104.4  .401 

2'7.2  49.1  1.2)3 

242.4  42.1  l."?l 

237.8  18.4  2.407 

248.4  >4.0  l.OlO 

274.  7  >4.2  ).407 

28) . 2  >2.9  6.224 

288.4  )1.8  4.834 

29) . 2  >0.9  3.473 

297.2  >0.2  4.081 

300.4  29.4  4.444 

70).  7  29.0  7.2)0 

>04.3  21.3  7.8)4 

>09.1  28.1  8.474 

>11.6  27.4  9.113 

)l).4  27.)  9.752 

>13.4  24.9  )0.)84 

>17.6  24.4  11.009 

>19.1  24.)  11.474 

>20.  7  24.1  12.777 

>27.7  73.8  17.819 

)2).  7  23.4  l).)90 

>23.0  23.6  I  >.964 

)24.  3  23.2  14.31b 

>27.3  23.0  13.034 

128.  7  24.8  )3.6)4 

)29.8  26.4  14.272 

))0.8  26.6  14.908 

))1.9  7*.)  1  7.363 

))7.B  74.1  18.187 

))).•  74.0  18.810 

))6.r  7). 8  19.431 

)>3.3  7>.7  20.084 

»4.6  7}.4  20.717 

)>7.2  2).6  21. >66 

))8.0  2>.3  21.97) 

))8.7  7>.2  22.392 

))9,3  2).l  2). 710 

>40.2  7).0  2). 82) 

)40.*  72.9  26.4)2 

)41.3  77.8  23.0)4 

>47.2  72.7  23.4)3 

)42.*  72.4  2  4.228 

>43.6  27.3  24.816 

>46.0  27.6  27,199 

>66.4  22.)  27.976 

163. I  22.2  28.367 

)43.r  22.2  29.lt) 

)44.2  22.1  29.47) 

)64.7  72.0  30.778 

281.0  )7.7  2.386 


ShITTISO  ExP6N3i9N 
c  ST48  •  4799.0  PT/SEC 
TNT>6i.PY  CP  C*l/  1  0*1  0»l»»C  0EIV4C 
i  KC8L/1C0.-  OM  OEC  /P 

.980 


-79.93 
•93.87 
-I  71.97 
-1*7.34 
-136.  74 
-162.43 
-147,93 
-I  72.14 
-I  73.4* 
-I  78.  73 
-101.43 
-18). 04 
-106.00 
-187.97 
-189.77 

-  191, 4» 
-192.97 
-194.40 
-193.74 
-197.00 

-198,  18 

-  1  >9.  )0 
-2CC.  J4 
-2C1,)7 
-202.  )) 
-20,23 


7.C72 


3.491 

3./8> 

3.  104 

4.  947 
4.004 
4.479 

4.36) 
4.634 
4.  >37 
4.244 
4. 178 
4.094 
4.020 
).947 
).079 
).«l  ) 
),  731 
).692 
).4)3 
).  380 
),328 
).4T8 


J  3f» 
IVl 

21). 4 
268. 1 
237.9 
24C.9 


241.0 


1  *t 
lOOOC 

714.) 
73). 4 
764.0 
771.3 
27). 4 


772.6 


I  IT 
30000 

221.2 

784.1 

281.4 

2)2.1 

299.4 
)0*.8 
100.9 

112.2 
M4.8 
717.0 
718.8 
320.6 
)2l.T 
)22.7 
>21.) 
>24.7 
>24.8 
>73.2 

323. 4 
>73.9 
)?6.2 
>24.4 
>28.4 
>26.  7 


79*.  ) 


CF  SEI  CF  V6C 
L  VL 


I  ViC 


727.2 

244.2 
28*. 7 

294.2 
>0*.) 
>10.9 
>14.1 
>70.* 
)2*.l 
>27.* 
>>0.2 
>)2.8 
>)3.1 
1)7.7 
3)9.1 
)60.6 
)6?.3 
)6*.0 
)63.3 
>64.8 
>68.1 
>69.) 
>30.4 
>31.3 
>37.3 
)3>.) 
>36.4 
>33.) 
>34.1 
>37.0 
>37.8 
>38.) 
)S9.7 
)60.0 
>40.6 
)41.) 
341.9 
)62.3 
)4).l 
)4).7 
346.) 

366.8 
>63.* 

363.9 
)66.* 
>44.9 
>67. * 
)67.8 
366.) 

)4">7 
298. T 


1.2)) 

l.)TT 

1.6)1 

1.667 


1.1  86 
1.477 
1.379 
1.466 
1.690 
1.723 
1.  734 
1.7  78 
1.798 
1.814 
1.832 
1.864 
1.839 
1.871 
1.881 
1.891 
1.900 
1.909 
1.917 
1.926 

1.9) 1 

1.9) 8 
1.966 
1.930 
1.934 
1.961 
1.964 
1.971 
1.974 
1.981 
1.983 
1.989 
1.99) 
1.997 
2.001 
2.003 
2.008 
7.011 
2.013 
2.018 
2.021 
7.026 
7.027 
7.0)0 
7.0)3 
7.0  36 
7.038 
7.061 
2.06) 
7.064 
1.437 


pAESSuAf  Profile  data 

SY«51EM  LICUIO  BIPPOPELLANT  PC  300.  PSIA  PE  0.05  PSIA 

COMPONENT  TREF  FORMULA  DENSITY  HEAT  FORM  WT.  0/0 

OEG  K  CM/CC  <KCAL/F0RM.WT.) 

2<)8  H2*02  1.446  >44.64  66. 

296  65*H9  0.620  ♦7.74  32. 

BULK  DENSITY  »  1.014  GM/CC 

MIXTURE  RATIO  *  2.125  LB  OXiOlZfR  /  LB  OF  FUEL 

PRESSURE  PROFILE  DATA 


CHAMBER  ENIROPY  340.76  EU/IOO&MS 


Chamber 

THROAT 

FROZEN 

EXPANSION 

PRESSURE, 

PSIA 

300,0 

125.7 

52.66 

22.06 

U.  70 

9.244 

3.873 

1.623 

.680 

.285 

.119 

.050 

no.  1 

TEMP,  PEG 

X 

2845,2 

2473. 3 

2144.4 

1853.6 

1729.6 

1596.7 

1369. 7 

1169.3 

993.3 

839.1 

704.5 

587.5 

2597.4 

ENTHALPY  ( 

:-j 

85.  72 

111.53 

1 33.94 

153. 35 

161.48 

170.09 

184.49 

196.81 

20  7.30 

216.  19 

223.68 

229.95 

102.96 

CP 

.6994 

.6883 

.6  746 

.6595 

.6520 

.6433 

.6243 

.6053 

.5860 

.5664 

.5456 

.5253 

.6920 

IMPUL  OPT 

149.85 

204.83 

242.56 

256. 73 

270.93 

293.13 

310.88 

325.23 

336.91 

346.44 

354.22 

122.49 

IMPOL  VAC 

230.09 

255.72 

279.71 

269.49 

299.56 

315.85 

329.17 

340.08 

349.02 

356.33 

362.29 

225.58 

EPSILON 

1.053 

1.595 

2.779 

3,67H 

5.114 

9.678 

18.595 

36.038 

70.141 

136.688 

266.106 

l.OOO 

SMIFIINC  eXPANSlO.N 


PRESSURE , 

PSIA 

300.0 

125.7 

52.66 

22.06 

14.70 

9.244 

3.873 

1.623 

•  680 

.285 

.  1 19 

,  .050 

173.5 

TtMP,  PEG 

K 

2845.2 

2576.3 

2324.9 

2188.2 

2137,9 

2003.0 

1906. 5 

1897.3 

1614.2 

1735.9 

1661.3 

1588. 9 

2673.0 

enthalpy  ( 

1-1 

85. 72 

III. 97 

1 35.58 

157.00 

166.48 

176.89 

195.41 

212.68 

228.83 

243. 96 

258.14 

271.44 

102.57 

X  BAR 

5.623 

5.588 

5, 565 

5.452 

5.392 

5.325 

5.204 

5.090 

4.982 

4.67B 

4.  781 

4.689 

5.599 

N 

5.623 

5.588 

5.  565 

5.559 

5.558 

5.556 

5.553 

5.552 

5.550 

5.549 

5.546 

5.547 

5.599 

CP 

1.1310 

1.0  382 

.9596 

8.6485 

8,6006 

8.5092 

8.7216 

7.7774 

7. 1664 

6.3947 

5.4850 

4.4904 

1.0720 

IMPtL  OPT 

151.13 

208.27 

249.03 

265.07 

201.63 

308.91 

332.34 

352.85 

371.03 

387.29 

401.96 

121.08 

IMPOL  VAC 

233,48 

261.97 

290,44 

3C2.66 

315.68 

337. S5 

357.48 

375.00 

390. 77 

405.02 

417.98 

227.90 

EPSILON 

I.C63 

1.655 

3.046 

4.152 

5.978 

12. 124 

25.127 

52.859 

112.431 

241.115 

520. 156 

l.OOO 

COMPOSITION  SHIFfING  IMOL/lOO  GM » 


132.60 

.OOCO 

.0000 

.occo 

.ocoo 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

•  OOOO 

•  OOOO 

114.76 

.0000 

.0000 

•  ocoo 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

-47.13 

8«M»C 

.  7023 

.5999 

.4887 

.3984 

.3615 

.3218 

.2543 

.1953 

•  1444 

.1013 

.0662 

.0391 

.6390 

-135.32 

a*H«C2 

.9914 

.9  740 

.9215 

.8287 

.7056 

.7309 

.6579 

.5858 

.5231 

.4696 

•  4254 

.3892 

•  9644 

60.00 

P*H2 

•  OOCl 

.0000 

.OCOO 

.0000 

,0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

-45.00 

8*H2i02 

.  0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

•  OOOO 

.0000 

IM.OO 

H*H  3 

.OOCl 

.0000 

.ocoo 

.0000 

.0000 

•  0000 

•  0000 

.0000 

.0000 

.0000 

•  0000 

.0000 

.0000 

-?3h.60 

.0001 

.0001 

.0000 

.0000 

.0000 

.0000 

.0000 

,0000 

.0000 

.0000 

.0000 

•  OOOO 

•  0001 

5.74 

8*0 

.0459 

.0231 

.0C97 

.0059 

.0049 

.0040 

.0026 

.0016 

.0010 

.0005 

.0003 

•  0001 

•  0304 

-84.00 

8*02 

.0201 

.0112 

.OC52 

.0034 

.0030 

.0025 

.0018 

,0013 

.0009 

.0006 

•  0004 

.0003 

•  0141 

199.30 

H2 

.0000 

.0000 

.OCOO 

.0000 

.0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

•  OOOO 

.0000 

.0000 

-111.60 

H2#02 

.1177 

.  1  105 

.0985 

.0787 

.0697 

•  0601 

.0443 

.0310 

.0202 

.0120 

.0062 

.0027 

.1136 

•210.10 

82*03 

.2687 

.3517 

.4553 

.4624 

.4534 

.4417 

.4148 

.3821 

•  3431 

.2901 

.2472 

.1915 

.3187 

-541.69 

R3*H3*C6 

.OOCO 

•  0000 

.OCOO 

.0000 

•  OOOO 

.0000 

.0000 

,0000 

•  0000 

.0000 

.0000 

•  OOOO 

•  OOOO 

52.10 

H 

.0895 

.0512 

.0254 

.0189 

.0173 

•  0156 

.0127 

.0103 

•  0062 

.0064 

.0049 

•  0036 

•  0639 

9.3  3 

H*3 

.0016 

.0005 

•  0001 

.0000 

.0000 

.0000 

.0000 

.0000 

•  0000 

•  0000 

•  OOOO 

.0000 

.0007 

.00 

H2 

3.2023 

3.3377 

3.4774 

3.5910 

3.6380 

3.6091 

3.7743 

3.8480 

3.9109 

3.9631 

4.0048 

4.0361 

3.2870 

-57.00 

H2*0 

.  1834 

.1279 

.0831 

.0636 

.0575 

.0513 

.0410 

.0348 

.0298 

.0266 

.0255 

.0265 

.1473 

59.56 

C 

.  0000 

•  0000 

.OCOO 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

•  OOOO 

•  OOOO 

.00 

02 

.0000 

.0000 

.ocoo 

.0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

•  OOOO 

.0000 

-305.34 

H2*03/C 

•  OOCO 

•  0000 

.ocoo 

.1071 

.1658 

.2310 

.3490 

.4613 

.5684 

.6703 

.7668 

•  8578 

•  OOOO 

-98- 


SV&IfH  IICMIO  6tPH9»eLLikNT 


PC  )00.  PSU 


Pf  O.OS  PSIA 


2<>8  H?«02  l.A4» 

2t%  a%*H9  0.A20 

FR02(N  CKPANSION 
C  STAA  >  Si49.2  PT/SK 
TEMP  ENTHALPY  CP  CAL/  I  OPT  OELVAC  OELVAC 
CEC  R  RCAL/lOObM  CM  DEC  /P 

'  284^.2  -PS. 12  .699 

299T.4  -t02.94  .672  122.9  tOi.t  .606 

2012.0  *142.84  .660  229.4  43.7  1.257 

1818.5  -155.67  .657  246.7  15. •  1.822 

1694.5  -169.77  .650  260.6  31.6  2.427 

1605.4  -169.53  .644  270.0  28.9  1.012 

1536.3  -1  73.96  .639  277.1  /6.v  3.659 

1480.4  -1  77.52  .634  282.6  '25.9  4.291 

1419.7  -180.47  .690  287.1  24.  1  4.904 

1393.8  -192.98  .626  290.9  23.3  5.488 

1958.9  -185.16  .623  294. |  22.9  6.073 

1  928.0  -1  07.08  .621  297.0  21.7  6.721 

1300. 4  -188.79  .618  299.9  21.1  7.367 

1275.5  -  190.  99  .616  901.7  20.9  8.006 

1252.a  -191.72  .614  903.  7  20.0  8.633 

1232.0  -193.00  .612  305.5  19.6  9.242 

1212.9  -194.17  .610  307.2  19.2  9.833 

1  1  95.1  *  195.24  .608  306.7  16.6  10.402 

1  1  78.6  *  196.25  .606  310.  1  18.5  10.951 

1163.2  -197. IH  .605  311.4  18.2  11.529 

1148.7  -198.06  .603  312.6  17.9  12.17) 

1135.1  -196.68  .602  313.8  17.6  12.818 

1  122.2  -  1  99. 6S  .600  314.8  1  7.  3  1  3.44) 

lllO.O  -2C0. 38  .“-99  315.8  17. I  14.105 

I  lu)8.5  -201.07  .%96  316.6  16.9  14.  745 

1087.5  -2CI.73  .597  317.7  16.6  15.379 

1077.0  -2C2.35  .596  316.5  16.4  16.908 

1067.0  -2C2.95  .594  319.4  l6.2  16.629 

1057.5  -2C3.52  .593  320.1  16.1  17.243 

'  1040,4  -204.06  .!>92  320.9  15.9  17.848 

1039.6  -2C4.58  .591  321.6  15.7  18.44* 

1031.2  -2t5.07  .590  322.2  15.6  19.031 

1023.1  *205.55  .  590  322.9  15.4  19.608 

,  1015.3  -2C6.01  .589  32  3.5  15.  3  20.175 

’  1007.*  -206. 45  .5*6  324.1  15.  1  20.  712 

ICO. 5  •2'“6.8B  .567  324.7  15.0  21.280 

9*3.5  -21.7.29  .586  325.2  14.9  21.618 

9H6.a  .2C7.46  .  565  325.  7  14.7  22.465 

9*;. 2  -.•’'•-6.07  .584  326.3  14.6  23.097 

973.8  -2'^6.44  .584  326.  7  14.5  23.  740 

947.7  •2':8.8xj  .  58)  32  7.2  14.4  24.  363 

961..-  *2  :9.15  .562  327.  7  14.  3  25.027 

955.9  -2^  9.49  .582  328.1  14.2  25. 6/'-- 

950.3  *209.81  .581  326.4  14.1  2t.312 

944.8  •210.13  .589  329, C  14.0  26.953 

919.4  -210.44  .580  329.4  1  3.9  27.593 

934.2  -2  10.74  .579  >29.6  13.6  2*.23i.' 

929.2  *211.01  .576  330.2  13. T  26.966 

#24.  1  *2  11.32  .576  330.6  13.6  29.499 

vn.5  -2  11.60  .577  330.9  13.5  30.130 

914.8  -2)1.67  .576  331  .  3  13.4  3C.757 

1729.6  *161.48  .65?  256.7  32.6  2.229 


950.3  *209.81 

944.8  •210.13 

9)9.4  -210.44 

934.2  -2  10.74 

929.2  *211.01 

*24.1  *211.32 

vn.5  -211.60 

914.8  -211.87 

I  729,6  -161.48 


16.6  10.402 

16.5  10.951 
16.2  11.529 

17.9  12.17) 

17.6  12.818 
17.31  3.44) 

17.1  14.105 

16.9  14.745 

16.6  15.  179 

16.4  16.938 

16.2  16.629 

16.1  17.24) 

15.9  17.848 

15.7  16.444 

15.6  19.0)1 

15.4  19.608 

15. 3  2C.W5 

15.1  20.  712 
15.0  21.280 

14.9  21.618 

14.7  22.465 

14.6  23.097 

14.5  23.  740 

14.4  24.363 

14. 3  25.027 

14.2  25. 6/'-- 
14.1  26.312 
14.0  26.953 
1  3.9  27.591 

13.6  2*.25<. 

I).?  26.1366 

13.6  29.499 

13.5  3'“. 130 

13.4  3C.757 

32.6  2.229  256.7  266.6 


>42. C 
>42.  > 
>42.6 
143. C 
>43.  3 
34). b 
363.9 
>66.2 
>64.4 
>44.  7 
285.7  289.5 


Map  ENtHAtPT 
((OR  aCAL /10008 
I  2845.2  -85.72 

I  26  7  3.5  *l«‘2.57 
I  2266.0  *14). 14 

2190.5  -156.53 


SHlEflNO  E1PAN510N 
C  STAB  •  5947.3  FI/SEt 
CP  CAL/  I  OPT  OELVAC  OEIVAC  I  5EA 
u*  no  /P  tvi 

1.131 

1.072  121.1  106.9  .616  218.9 

224.0  47.6  1.276  253.1 

249.2  41.6  1.856  262.5 

263.)  36.0  2.468  265.0 

6.559  273.6  35.  7  3.066 

6.506  261.6  34.0  3.697 

6.457  286.2  32.  7  4. >39 

8.4C6  293.6  31.7  4.992 

6.36C  296.1  30.9  5.616 

6.3)4  302.0  30.)  6.23) 

9.270  305.5  79.5  6.629 

9.227  >06.6  29.0  7,401 

8.186  >11.3  26.5  8.044 

6.146  )l).9  26.1  8.702 

6.106  316.2  27.1  9. >58 

9.070  318.)  27.)  10.01) 

6.  334  320.  3  27.0  10.657 

9.000  322.1  26.7  11.294 

7.966  323,6  26,4  11,921 

7.933  325.4  26.2  12.537 

7.901  326.9  26.0  13.13* 

7.87C  326.4  25.7  I  3,  728 

7.639  >29.  7  25.5  14. >03 

7.910  >>l.O  25.3  14.665 

7.761  3)2,2  25.1  15.413 

7. 753  333.3  25.0  16.051 

7.725  334.5  14.6  16,704 

7.696  3)5.5  24.6  17.356 

7.672  3)6.5  24.5  16.012 

7.646  337.5  26.)  16.666 

7.62)  339.4  24.2  19.3)9 

T.596  339,3  24.1  19.970 

7,571  340.2  23.9  20,619 

7.546  34(  .0  23.8  21.266 

7.524  341.9  23.7  21.910 

7.501  342.6  23.6  22.550 

7.479  343.4  23.5  23.186 

7.457  344.1  23.4  23.818 

7.435  344.6  23.3  24,445 

7.41)  >45.5  2). 2  25.06? 

7.392  346.2  23.1  25.684 

7.372  346.8  23.0  26.296 

7.351  347.5  22.9  26.902 

7.331  396.1  22.6  27.50) 

7.  312  346.7  22.7  28.098 

7.297  349.2  22.6  28.686 

7.27)  349.8  22.6  29.269 

7.254  350.4  22.5  29,847 

7.2)6  350.9  22.9  30.418 

7.217  351.4  22.3  30.983 

e.601  265.1  37.6  2.558  265.1 


1  A1  I  AT  I  VAC  CE  SEA  CE  VAC 
lOOOO  50000  LVL 


1.674 

1.708 

1.7  36 
1.760 
1.780 
1.797 
1.612 
1.826 
1.839 
1.850 
1.860 

1.8  70 
1.879 
1.887 
1.895 
1.902 
1.909 
1.916 
1.922 
1.928 
1.93) 
1.9)8 
1.944 
1.948 
1.95) 
1.958 
1.962 
1.966 
1.970 
1.974 
1.978 
1.981 
1.985 
1.988 
1.991 
1.995 
1.998 
2.001 
2.004 
2.006 
2.009 
^.012 
2.019 
2.017 
2.020 
2.022 

1.4)4  1.6)7 


PRESSUREf  PSIA 
TEMP,  DEG  K 
P.N^THALPY  1-) 

CP 

IMPUL  OPT 
IMPUL  VAC 
bPSKON 


PRESSURE,  PSU 
TEMP,  DEG  K 
ENTHALPY  (-) 

X  BAR 
N 

CP 

IMPUL  f5PT 
IMPUL  VAC 
bPSlLJN 


132.60  B 
US. 76  e*H 
-S7.13  8*H*C 
-M5.32  l‘«H*C2 
66. CO  ti«H2 
-S6.00  B*h2#02 
18.00  R*H3 
-238.60  fl*M3*03 
5.7A  n*f5 
-3S.0C  fc«02 
199.30  B2 
-111.60  B2*02 
•210.10  B2*03 
-541.69  B3*H3*n6 
52.10  H 
9.33  h*C' 

.00  H2 
-57.80  H2*0 
59.56  3 
.00  C2 

'305.34  B2*33/C 


PRESSURE  PROFILE  DATA 
SYSTEM  LIQUID  BIPROPELLANT  PC  300.  PSIA 


PE  0.05  PSIA 


COMPONENT 

TREF 

FORMULA 

DENSITY 

HEAT  FORM 

WT.  0/0 

OEG 

K 

GH/CC 

ucal/form.ht. 

298 

M2*e2 

1.448 

-44.84 

70. 

298 

65«H9 

0.620 

♦  7.74 

30. 

8ULK  DENSITY  *  1.034  CM/CC 

MIXTURE  RATIO  >  2.333  LB  OXIOI2ER  t  LB  OF  FUEL 


PRESSURE  PROFILE  DATA 
CHAMBER  ENTROPY  338.67  EU/IOOGHS 


FROZEN  EXPANSION 


300.0 

125.7 

52.66 

22.06 

14.70 

9.244 

3.873 

1.623 

.680 

.285 

.119 

.050 

169.9 

2957.5 

2575.4 

2237.2 

1937.7 

1809.9 

1672.6 

1438.1 

1230.7 

1047.8 

887.3 

746.8 

624.5 

2702.7 

88.60 

114.81 

137.61 

157. 39 

165.69 

174.49 

189.23 

201.87 

212.66 

221.82 

229.56 

236.05 

106.13 

.6915 

.6799 

.6672 

.6528 

.6455 

.6367 

.6189 

.5997 

.5805 

,5609 

.5405 

•  5198 

•  6844 

151.01 

206.49 

244.63 

258.97 

273.36 

295.88 

313.91 

328.52 

340.44 

350.19 

358.16 

123.50 

231.93 

257.90 

282.22 

292.13 

302.39 

318.94 

332.51 

343.66 

352.81 

360.31 

366.44 

227.34 

1.054 

1.598 

2.788 

3.693 

5.140 

9.745 

18.762 

36.432 

71.056 

138.775 

270.786 

l.OOO 

SHIFTING  EXPANSION 


300.0 

125.7 

52.66 

22.06 

14.70 

9.244 

3.873 

1.623 

.680 

.285 

.119 

.050 

172.8 

2957.5 

2689.6 

2436. 9 

2196.3 

2133.2 

2075.9 

1974.2 

1878.7 

1T88.3 

1701.9 

1618.9 

1539.1 

2785.6 

88.60 

115.27 

139.32 

160.95 

170.33 

180.61 

198.09 

215.87 

231.67 

246.36 

260.09 

272.88 

105.83 

5.488 

5.445 

5.415 

5.396 

5.346 

5.279 

5.157 

5.041 

4.931 

4.827 

4.730 

4.639 

5.460 

5.488 

)«445 

5.415 

5.396 

5.394 

5.392 

5.390 

5.388 

5.386 

5.385 

5.364 

5.383 

5.460 

1.2015 

1.0946 

♦  9924 

.9014 

7.3294 

7.0479 

6.4111 

5.6898 

4.9533 

4.2742 

3.7041 

3.2635 

1.1347 

152. 32 

210.05 

250.89 

266.65 

282.93 

309.75 

332.74 

352.79 

370.50 

386.25 

400.40 

122.42 

235.44 

264.36 

291.73 

303.63 

316.41 

338.16 

357,35 

374.40 

389.66 

403.  39 

415.82 

229.82 

1.C64 

1.659 

2.978 

4.047 

5.827 

11.801 

24.392 

51.126 

108.260 

231.026 

496.047 

1.000 

COMPOSITION  SHIFTING  (MOL/lOO  GM 1 


.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

•  OOOO 

•  OOOO 

.cooo 

•  OOOO 

•  OOOO 

•  OOOO 

•  OOOO 

•  coco 

.0000 

.ocoo 

,0000 

.0000 

•  oooo 

.0000 

•  oooo 

.0000 

•oooo 

•  OOOO 

•  OOOO 

•  OOOO 

.5428 

.4519 

.  2547 

.2556 

.2196 

.1841 

•  1268 

.0820 

.0492 

.0271 

.0137 

•  0063 

•  4859 

1.1660 

1.1911 

1.1907 

1.1648 

1.1319 

1.0928 

1.0264 

.9673 

.9124 

.8561 

.7920 

•  7140 

1.1847 

.OOCl 

.0000 

•  OCOO 

•  0000 

•  OOOO 

.0000 

.0000 

.0000 

.0000 

•  OOOO 

•  OOOO 

•  OOOO 

•  OOOO 

.ocou 

.0000 

.ocoo 

.0000 

.0000 

•  OOOO 

•  OOOO 

.0000 

.0000 

.0000 

•  OOOO 

.0000 

.0000 

.0000 

.0000 

.ocoo 

.0000 

.OOOO 

.0000 

•  OOOO 

.0000 

•  OOOO 

.0000 

•  OOOO 

•  OOOO 

.0000 

.  0002 

.0001 

.0001 

•  OOOl 

.0001 

•  OOOO 

.0000 

•  oooo 

.oooo 

.0000 

•  OOOO 

•  OOOO 

.0002 

.0512 

.0272 

•  0120 

•  0041 

.0030 

•  0022 

•  0012 

•  0006 

.000  3 

.0001 

•  OOOO 

•oooo 

.0349 

•  0346 

.0217 

.0117 

.0052 

.0043 

.0036 

•  0027 

.0019 

.0013 

.0009 

.0006 

•  0003 

•  0261 

.0000 

.0000 

•  OCOO 

.0000 

•  OOOO 

•  OOOO 

•  OOOO 

.0000 

.0000 

.0000 

•  OOOO 

.0000 

.0000 

•  0684 

.0594 

.0479 

.0343 

.0279 

•  0214 

.0122 

.0062 

.0027 

.0010 

.0003 

.0001 

•  0630 

•  2214 

.2816 

.  3547 

•  4380 

.4323 

•  4109 

.3634 

•  3080 

.2474 

•  1861 

.1296 

•  0830 

•  2583 

.0000 

.0000 

•  OCOO 

.0000 

.0000 

•  oooo 

.0000 

•  OOOO 

•  OOOO 

.0000 

•  OOOO 

•  OOOO 

.0000 

.  1229 

.0763 

•  0415 

.0190 

.0162 

•  0143 

.0112 

•  0086 

.0063 

.0045 

.0030 

•  0020 

•  0921 

•  0044 

•  0016 

.OC05 

.0001 

.0001 

.0001 

.0000 

•  OOOO 

•  OOOO 

•  OOOO 

•  OOOO 

.0000 

.0024 

’.9621 

3.0895 

3.2175 

3.3420 

3.3860 

3.4289 

3.4970 

3.5491 

3.5864 

3.6109 

3.6256 

3.6337 

3.0426 

•  3143 

.2447 

•  1834 

.1330 

.1249 

•  1203 

•  1156 

•  1168 

.1245 

.1401 

.1649 

•  2001 

.2694 

•  OOCl 

•  oooo 

•  0000 

.0000 

•  OOOO 

.0000 

•  OOOO 

•  OOOO 

.0000 

.0000 

•  OOOO 

•  OOOO 

.0000 

•  0000 

.0000 

•  ocoo 

.0000 

.oooo 

•  oooo 

•  oooo 

•  OOOO 

•  OOOO 

.0000 

.0000 

•  OOOO 

•  oooo 

•  0000 

•  0000 

•  ocoo 

.0000 

.0477 

•  1135 

•  2330 

•  3471 

.4555 

•  5580 

.6541 

•  7438 

•  oooo 

-100- 


SYSTCM  IIOUIO  eiPKfleELLANf 


PC  >00. 


AE  O.OS  ASIA 


24A  H?*0?  I.AAA  -44. MA 

?9«  AS*HO  0.A20  *7.74 

fROIEN  EIAANS!6N 
C  StAA  •  4I07.7  Ef/SfC 

TEMP  ENTHALPY  CP  CAL/  I  OPT  OELVAC  OfLVAC  i  SEA 


DEC  K  RCAL/IOOCN  OH  DEC 
I  20S7.S  -at. AO  .601 

I  2702.7  -kOA.t)  .A«4 

>  2102.)  -lAA.Sa  .441 

I  )90>.l  -IS0.A4  .4S1 

I  177S.S  -147.91  .44) 

I  I4a>*4  -17).79  .4)7 


.4«4  12).S  lOl.a  .411  21A.4 

.441  22S.1  4).7  1.247  2S0.2 

.4)1  241.4  )4.)  1.0)7  2S7.9 


•7'**. 7  -21S.7> 

ISt.)  -214.04 
9X4.0  -214. »4 

978.9  -214.4) 

97). 9  -214.92 

4^4. A  -717. >0 


19.4  9.919 

19.2  IU.494 

14.4  11. OS) 

14. 5  11.414 

14.2  12.267 
I  7.9  12.9)4 

17.7  1>.S44 

17.4  14.214 

17.2  14.442 
17.0  1S.S02 

14.4  14. 1)8 
14.4  14. 744 

14.4  17. )44 

14.2  14.00C 

14.1  14.7>04 

15. 9  19.199 

15. 7  19. 744 

15. 4  20.SS9 

15.5  20.92S 
IS.)  21.441 

15. 2  22.027 

15. 1  22.428 

14.9  2). 274 

14.4  2). 927 
1..7  24.S7I 

14.4  2S.219 

14.5  2S. 448 
14.4  24.M4 
14. )  27. 14) 

14.2  27.  408 
14.1  24.4S2 
14.0  29.094 
l».9  29.7)4 

I ).8  >0. )72 


SHlfllMC.  EKPANStdN 
C  SI44  .  4000.1  PT/SfC 
Ct-  C4L/  I  OPT  0EIV4C  DCIV4C  I 
>  CM  rcc  /P 


224.1 
2SI.) 

244.1 
274.4 

7.024  284.2 


107.4  .422  220.7 

44.0  1.240  2SS.) 

40.7  I.44S  244.4 

)7.l  2.444  244.4 

)4.4  ).1I4 

>).2  >. 7)) 

)2.0  4.  )41 

ii.O  S.028 
>0.1  S.44S 

29.4  4.242 

24.4  6.  477 

24. )  7.447 

27.4  4.129 

27.4  4.792 

27.0  9.4S2 

24.7  10.108 

24.4  10. rS4 

24.1  II. )9) 

25.4  12.020 

25.5  12.4)) 

25. )  1),2)» 

25.1  D.OlP 

24.9  14. )90 

24.7  14.944 

24.5  IS.S42 
24.)  14.220 

24.1  14.080 
24.0  I 7.S40 
2).4  14.  199 
2). 7  I4.9S4 
2). 4  19. SIS 
2). 4  20.  1  70 
2).)  20.022 
2).2  21.471 
2S.0  22.  114 

22.9  22. 7S7 

22.9  2). )94 

22.7  24.024 

22.4  24.6S2 

22. 5  2S.a7) 

22.4  2S.049 
22.)  24.498 

22.2  27.102 
<2.2  27.499 
22.1  29.290 
22.0  24.074 

21.9  29. ASS 

21.4  10.028 
21.4  )0.S9S 

21.7  )1.1S4 

)7.0  2.S14  244.7 


)01-4 

)04.4 

>10.9 

)14.2 

)17.l 

ll'l.S 

>21.7 

)2).4 

)2S.) 

)24.4 

)24.2 

)29.S 

))0.7 

1)1.7 

))?.7 

>>).7 

1)4.4 

))S.4 

))4.2 

))4.9 

>37.4 

))4.) 

1)4.9 
1)9. S 
140.  1 

340.4 
141.2 

341.7 
142.  1 
)42.4 
14). 0 
)4).S 
)4).4 
144.) 

144.7 
)4S.) 

)4S.4 
)4S.8 
144.  1 
>44.4 

144.4 

147.1 

147.4 

147.7 
147.9 

144.2 

292.1  1.41) 


1.2)2  1.14) 

l.)49  1.470 

1.419  I.S44 

1.4)0  1.424 

1.449 
1.702 
1.729 
1.7S1 
1.771 
1.744 
1.40) 
1.814 
1.424 
1.4)9 
1.849 
I.4S4 
1.447 
1.47S 
1.442 
1.890 
1.894 
1.902 
1.904 
1.914 
1.919 
1.92S 
1.929 

1.9) 4 

1.9) 9 
1.94) 
1.947 
I.9SI 
1.9SS 
1.9S9 
1.942 
1.964 
1.949 
1.972 
1.974 
1.979 
1.942 
1.944 
1.947 
1.990 
1.99) 
1.99S 
1.994 
2.000 
2.00) 
2.00) 

1.4)0  1.424 


PE  0.0$  PSU 


PRESSURE  PROEILE  DATA 
SYSTEM  LICUID  BIPROPELLANT  PC  300.  PSU 


COMPONENT 

TREf 

FORMULA 

DENSITY 

HEAT  FORM 

WT 

DEC 

K 

GM/CC 

IKCAL/FORM.WT. 

) 

2<)8 

H2*02 

i.44e 

-44.84 

7/ 

296 

85«H9 

0.62C 

♦  7.74 

28, 

BULK  DENSITY  •  1.054  GM/CC 

MIXTURE  RATIO  >  2.571  IB  OXIOUBR  /  Lfi  OF  FUEL 

PRESSURE  PROFILE  DATA 
CHAMBER  ENTROPY  336.07  EU/IOOGHS 


PRESSURE,  PSIA 

CHAMBER 

300.0  125.7 

52.66 

22.06 

FR02EN 

14.70 

EXPANSION 

9.244  3.873 

1.623 

•  660 

.205 

.119 

.050 

THROAT 

169.9 

TEMP,  DEG  K 

3053.2 

2663.2 

2317.5 

2C11.0 

1880.0 

1739.3 

1498.5 

1265.2 

1096.6 

930.6 

785.0 

657.9 

2793. 1 

. NTHALPY  {-) 

91.46 

117.90 

140.92 

160.92 

169.33 

178.25 

193.22 

206.08 

217.08 

226.55 

234.37 

241.04 

109.15 

CP 

.6822 

.6719 

.  6593 

.6455 

•  6362 

.6296 

.6124 

.5930 

.5739 

.5540 

•  5342 

.5136 

.6757 

IMPUL  OPT 

151.61 

207.39 

245. 79 

26C.25 

274.75 

297.50 

315.75 

330,56 

342.66 

352.58 

360.71 

123.98 

IHPUL  VAC 

232.92 

259.11 

283.66 

293.68 

304.06 

320.82 

334.59 

345,91 

355.23 

362.08 

369.15 

220,26 

EPSILON 

1.054 

1.600 

2.797 

3.707 

5.165 

9.809 

18.918 

36.602 

71.909 

140.716 

275.103 

1.000 

P!<ESSURE,  PSIA 

300. C 

125.7 

52.66 

22.06 

SHIFTING  EXPANSION 
14.70  9.244  3.873 

1.623 

•  680 

.285 

.119 

•  050 

173.5 

IEHP»  OEG  K 

3053.2 

2785,2 

253C.6 

2284.3 

2171.2 

2053.3 

1945.9 

1045.5 

1751.5 

1663.4 

1501.1 

1504.1 

2002.6 

ENTHALPY  (-) 

91.48 

118.36 

142.63 

164.49 

173.91 

184.07 

201.08 

218.38 

233.60 

247.00 

261.09 

279,40 

100.71 

X  BAR 

5,354 

5.  304 

5.266 

5.241 

5.233 

5.218 

5.094 

4.976 

4.865 

4.761 

4.663 

4.572 

5.921 

N 

5,354 

5.  304 

5.266 

5.241 

5.233 

5.220 

5.225 

5.223 

5.222 

$•221 

5.220 

5.220 

5.921 

CP 

1.2620 

1.1416 

1.0143 

.8950 

.8431 

3.9482 

5.0863 

4.6133 

4.2233 

3.9128 

3.6647 

3.4396 

1.1071 

IMPUL  OPT 

152.91 

210.95 

252.03 

267.79 

283.81 

309.91 

332.26 

351.72 

368.06 

904.12 

997.82 

122.43 

IMPUL  VAC 

236.43 

265,57 

293.  10 

304.47 

316.45 

337.56 

356. 16 

372.66 

367.42 

400.72 

412,77 

230.75 

EPSILON 

I.C65 

1.662 

2.98? 

3.999 

5.657 

11 .439 

23,593 

49.360 

104.401 

222.777 

478.825 

1.000 

n?.60  e 

.0000 

.0000 

.ocoo 

COMPOSITION  SHIFTING  IMOL/103  &M ) 

.0000  .0000  .0000  .0000  .0000 

.0000 

.0000 

.0000 

•  OOOO 

•  OOOO 

114.76  B*H 

.0000 

.0000 

.0000 

,0000 

.0000 

•  0000 

•  OOOO 

•  OOOO 

.OOOO 

•  OOOO 

•  OOOO 

•  OOOO 

.0000 

-47. IJ  0*H»C 

•  4033 

.  3241 

.2429 

.1638 

.1296 

.0957 

•  0582 

•  0332 

.0178 

.0091 

•  0044 

.0021 

.3538 

-135.32  B*H*C2 

1.2647 

1. 3430 

1.3857 

1.4128 

1.4210 

1.4213 

1.3470 

1,2669 

1.1760 

1.0721 

.9555 

.0285 

1.3231 

66.UC  P*H2 

.0000 

.0000 

.OCOO 

.0000 

.0000 

•  0000 

•  OOOO 

.0000 

.0000 

•  OOOO 

.0000 

.0000 

•  OOOO 

-♦5,00  H*H2«02 

.0000 

.0000 

.ocoo 

.0000 

.0000 

.0000 

•  OOOO 

•  OOOO 

.OOOO 

•  OOOO 

•  OOOO 

•  OOOO 

•  OOOO 

la.OO  B*H3 

•  ooco 

.0000 

.OCOO 

.0000 

.0000 

•  OOOO 

•  OOOO 

•  OOOO 

•  OOOO 

•  OOOO 

.0000 

.0000 

•  OOOO 

-23B.60  B*H3«03 

•  OOC4 

.0002 

.0C02 

.0001 

.0001 

•  0001 

•  OOOl 

•  0001 

.0001 

•  OOOO 

,0000 

•  OOOO 

.0003 

5.74  B«C 

•  0516 

.0280 

•  0126 

.0043 

.0023 

.0011 

•  0005 

.0002 

•  0001 

•  OOOO 

,0000 

.0000 

.0358 

-•34.00  8*02 

•  o525 

.0356 

•  0211 

.0105 

.00  70 

•  0043 

•  0030 

.0020 

.0013 

•  0008 

.0005 

•  0003 

.0417 

•*  19  ?.30  f)2 

.0000 

•  0000 

.OCOO 

.0000 

.0000 

.0000 

•  OOOO 

.0000 

.0000 

•  OOOO 

,0000 

•  OOOO 

•  OOOO 

^111.60  82*02 

.0382 

•  0304 

.0220 

•  0136 

.0101 

•  0067 

•  0030 

,0012 

.0004 

•  OOOL 

,0000 

•  OOOO 

•  0334 

-210.10  ri2*03 

.1736 

•  2122 

.2549 

.2988 

.3180 

.3303 

.2690 

.2082 

.1528 

.  1064 

,0709 

•  0442 

.1973 

-541.69  P3*H3*36 

•  OOCO 

•  0000 

•  0000 

.0000 

.0000 

.0000 

•  OOOO 

•  OOOO 

.OOOO 

.0000 

,0000 

.0000 

.0000 

52.10  h 

.  1550 

.  1019 

.0592 

.0288 

.0190 

•  0117 

•  0006 

.0062 

.0043 

.0029 

.0019 

.0012 

.1205 

9.33  M*0 

.0103 

•  0044 

•  0C16 

.0005 

.0002 

.0001 

•  0001 

•  OOOO 

•  OOOO 

•  OOOO 

,0000 

.0000 

•  0062 

.00  h2 

2.6891 

2.8027 

2.9128 

3.0137 

3.0555 

3.0956 

3.1379 

3,1656 

9.1824 

3.1919 

3,1970 

3.1996 

2.7608 

-57.00  H2*0 

.4949 

.4214 

.3535 

.2944 

.2706 

.2510 

•  2661 

.2924 

•  3296 

.3772 

,4332 

•  4956 

.4481 

59.56  0 

•  0004 

•  0001 

•  OCOO 

•  0000 

•  0000 

•  OOOO 

•  OOOO 

•  OOOO 

•  OOOO 

•  OOOO 

,0000 

•  OOOO 

•  0002 

.OC  02 

•  COCO 

•  0000 

•  OCOO 

•  0000 

.0000 

.0000 

•  OOOO 

•  OOOO 

.0000 

•  OOOO 

.0000 

•OOOO 

.0000 

-305.34  B2*03/C 

.0000 

•  OOOO 

.0000 

•  0000 

.0000 

•  0098 

•  1916 

.2475 

.3572 

•  4605 

.5575 

•6484 

•  OOOO 

102' 


SVST^H  LltiUlD  tlfftOfELLANf 


K  too.  PSU 


pf  O.OS  PSI* 


CaNI>9KIN1  tPEF  POKHUlA 
DIG  K 


OEsiSiry  HEAt  P0tM  hT.  S/0 

CM/CC  (KCAi/PBtN.MT.I 


ILQN 


1  .QCiO 
?.U<J0 
1.000 
<i.OUO 
1.000 
6.000 
>  .OOJ 
6.000 
‘»,OlO 
10.03C 
I  1  .00(> 
w.ooj 
I  i.OuO 
16.000 
1 6.000 
Ifc.OOf 
I  l.OlO 
I  6.00  0 
1  l.C.-ifi 
/O.OuO 
i  1.000 

//.ooo 

/  J.OOC 
/6.0utj 
/6,000 
.’6.ono 

J l.OCC 

/d.oro 
/<».000 
in.  000 
ll.OOO 

w.ol  j 

li.OOO 

16.C0U 

I6.0UJ 

iA.CvC 

W.OOO 

c 

6C.0C'< 
Al.Cv'' 
*/.CuO 
6  i.OCO 
66.01,'. 
6'j.C^.O 
66. U  <0 
61.000 
66,000 
*  ?.ooo 
lU.tfcO 
J.TOl 


9(IV 

1  .OCM 
1.766 
6.662 
16.0S4 
P2.7?1 
)1.061 
6U.1 3/ 
6S.7«*0 
S'!. 6^11 
6'l.S6l 

n.6<}i 
•10.  16  0 
lC2,666 
I  16.666 
126. 

I  18. ^>61 
I  SO.S  17 
U2.6t.3 
1  76.2  17 

1  xS.'ie  1 
l<>-7.6t7 
2 1 ). leP 
227.616 

2*.^.i67 

2  lO.JSi 
2B6.'720 

116.10“ 
*;6.7/3 
)6i,) >6 
»S7.666 
172. An 

6''l,?66 
6lS.6;» 
621.860 
666.i(6 
66^.116 
6  77.616 
6S6.1  » 
611.-21 
6/7.'>CB 
^“6.068 
6»2.2‘2 
6  79.^  »1 
666.866 
6 16  )6l 
6  •  «‘2 
6  .■1.621 
6<  7. 060 
20.6  16 


29S  H2602  1.66a  -66.86 

298  0.420  *7.76 

PII02EN  IIAANSISN 
C  STA8  •  492 ». 7  Pf/4fC 

V  PSIA  tlPP  FMTHAlPy  CP  CAL/  I  SPt  0€LVAC  OELVAC  1  SEA 
OEG  K  KCAL/IOOCK  GH  OCC  /P  IVi 


100. COO  10%}. 2 
149.111  2791.1 
36.6)6  2180.9 
19.66<>  1977.2 
D.IBI  1864.6 
■7.668  I  762.6 
7.67'>  1479.6 
6.026  1420.6 
6.C29  1671.0 
6. 316  1628.7 
1.749  1691.8 
3.298  1669.0 
2.923  1629.7 
7.619  1603.) 
2.370  I  379.2 
2. 166  I  367.1 
1.992  I  336.7 
1.867  1317.9 
1.722  I  3^0.3 
1.61)  1283.8 
I.60i  1268.6 
1.606  126). 8 
I.  it  7  1260.1 
1.262  1227.1 
1.172  1216.8 
1.109  1203.0 
1.C63  1191.8 
I  .C02  I l0l.2 
.  »66  n  71.0 
.91  )  I  161.2 
.876  11 61.8 
.618  1162. 8 
.806  1 1 t6. 1 
.  776  I  126.9 
.  788  1  1  1  7.7 
.  722  I  l>'9.9 
.69a  1 102.6 
.67>  1096.2 
.661  IJna.l 
.62a  I'.al.) 
.61,7  1'78.7 
.*.87  1068. i 
.649  1042.1 
.66-  lJ->4.0 
.6)8  U60.1 
«6|a  1^88.6 
.60)  10)8.8 
.88)  10)3.6 
.876  1C28.1 
.842  10.’7.9 
.86.-  10)7. ■) 
18.696  1860. 0 


-91.68  .482 

-109. IS  .424 
-169.90  .466 

-143.10  .464 

-171.64  .4)4 

-177.62  .4)0 

-182.01  .424 

-186.49  .472 

-188.76  .418 

-191. )7  .416 

-19). 4)  .412 

196.4)  .409 

-197.61  .407 

-199.01  .606 

-2C0.44  .402 

-2Cl.’9  .600 

-20.  01  .698 

-2C6.1)  .694 

-2C6. 18  .696 

-204.14  .69% 

-20.07  .691 

-2''.7.9)  .690 

-218-78  .689 

-2C9.61  .687 

-210.2)  .684 

-210.92  .686 

-211.67  .686 

-212.19  .68) 

-212.79  .662 

-21). 34  .681 

-213.90  .680 

•216.62  .679 

-216.92  .678 

-216.61  .677 

-2)6.47  .676 

-214.32  .676 

-216.76  .676 

-217.17  .67* 

-217.67  .67) 

•217.96  .672 

-218.  36  .671 

-218.70  .671 

-219.06  .670 

•219.60  .669 

-217.76  .669 

-2/0. C4  .668 

-220.38  .667 

-220.69  .667 

-220.99  .666 

•221.28  .666 
-221.67  .646 

•U9.33  .4)4 


126.0  I06.i 

226.9  46.1 

269.4  36.7 

243.8  32.6 
27). 6  29.7 

280.4  27.7 

284.)  24.2 

290.9  26.0 

296.8  26.0 

298.1  2).2 
lOl.O  22.6 

303.4  21.8 

306.9  21.2 

307.9  20.7 

309.8  20.) 

)l).6  19.9 

31). I  19.6 

316.6  19.1 

316.9  18.8 

317.1  18.6 

318.3  18.2 

319.4  18.0 

320.6  17.7 

321.6  17.6 

322.)  17.3 

323.2  17.1 

326.)  16.9 

326.9  14.7 

326.4  14.6 

324.)  14.3 

327.0  14.2 

327.7  14.0 

128.)  16.9 

329.0  16.7 

329.4  16.4 

330.1  16.6 

)30.7  16.3 

331.2  16.2 

131.*  16.1 

332.2  16.0 

»32.7  16. V 

333.2  16.8 

3)3.6  16.7 

3)6.0  16.6 

336.6  16.6 

336.9  16.6 

3)6.3  16.) 

336.7  14.2 

336.0  16.1 

33'.. 6  14.0 

24U.2  )).4 


.616  219.2 

1.272  261.) 

1.868  269.2 

2.669 
).071 
).706 
6.166 
6.948 
6.64) 

4.166 
4.801 
7.664 
8.106 
8.762 
9.  646 
9.947 
10.669 
11.112 
I  1 . 46  3 
12.316 
12.968 
1  ).621 
16.27) 

16.922 

16.646 
16.206 
14.839 
I  7.646 
18.082 
1 8.492 
19.292 
19.i-2 

20.644 

21.036 

21.697 

22.169 

22.716 

2).)63 

26.016 

26.446 

26.314 

26.94» 

24.416 

27.249 

27.618 

28.646 
29.211 
29.666 
)0.49b 
)I.136 


I  AT 

10000 

222.0 

264.9 
267.  3 

270.9 


270.3 


I  AT 

>0000 

227.2 

247.8 

283.1 
292.0 

297.9 
302.0 

306.1 
)07.6 
509.) 
310.8 
>11.8 
312.7 
>1).) 
)13.7 
>16.1 

316.6 
)16.6 

316.7 


289.8 


I  VAC  CP  SCA  CP  VAC 
LVL 


228.) 
270.0 
284.  ) 
294.2 
)0).l 
308.) 

312.6 
316.9 
)18.8 
)2I.) 
12). 6 

326.6 

127. 1 

328.4 
3)0. 1 
3)1.6 
3)2.6 
})).b 
>)6.  7 
))6.b 
>)4.6 
3)7.6 
))8.2 
3)8.9 

339.4 
360.) 
>60.9 

361.6 
362.  I 
362. T 
16). 2 
36).  7 

364.2 

344.7 

366.1 

366.4 
364.0 
>64.6 

364.8 

367.2 


367.  » 
36  7.9 

368. ) 
368.4 
368.9 
)69.2 
>69.6 
>69.8 
>90.1 
>60.6 
29  3.7 


1.191 

1.146 

1.608 


1.616 


1.260 

1.644 

1.666 

1.609 

1.644 

1.476 

1.497 

1.714 

1.7) 1 

1.746 
1.767 

1.747 
1.777 
1.786 
1.T9) 
1.800 
1.804 
1.812 
1.818 
1.823 
1.828 

1.8) 2 
1.837 
1.861 

1.846 
1.868 
1.862 
1.866 
1.868 
1.841 
1.844 

1.847 
t.BTO 
1.872 

1.876 

1. 877 
1.879 
1.881 
1.886 
1.884 
1.888 

1.890 

1.891 
1.89) 

1.896 

1.897 

1.898 
1.900 
1.992 
1.903 


PPS1L(?S 


1 .000 

2. coo 

3. OCC 
6.000 
6.0u0 
4.0cr. 
7.cc; 
H.Ol  ^ 
4.000 
IC.OlO 
1 1 .oon 
12.000 
1  3.000 
16.000 
16.000 
14.000 
i7.eco 
IH.OOC 
19.000 
20.000 
/l.OOO 
22  .000 
i  3.000 
/6  .OtO 
26.000 
24.000 
i  7.000 
28.000 
29.0VO 
3C.OOO 
31 .000 
32  .000 
3  3.000 
36.000 
36.000 
36.000 
37.000 
I6.0UO 
39.000 
60.000 
61.000 
62.000 
6  3.000 
66.000 
66.000 
66.000 
67.000 
68.000 
69.000 
60.000 
3.999 


7.41 
n.  7  n 
20.61" 
.’7,4*9 
36.126 
63.'lr'4 

•I.l*' 

69.1  16 
» 6 . 9 

76.2  <; 
"2.369 
<31. It!" 

ICO. 169 
ls,9.l"6 
I  J«.2*<' 
I  27.  )i.  » 
I  34.311 
I  66.26S 
166.085 

142.811 
I  71.620 
I  7'».9C4 

1  tl8.64  I 
198. 7c7 
2C".6  »7 
2 18.6  39 
228. 7C1 

2  38.810 
269.966 
269.127 
2e9.3|6 

2  79.606 
289.693 
291. 8<8 
310.022 
320.169 

3  30.262 
360.296 
360.306 
360.263 
3  70.149 
380.020 

389.812 
399.666 
6C9.2I7 
6  18.828 
628.1 79 
637.870 
668.2  78 

20.616 


tOt.COO 
I  7  3.  S66 
3/,t7o 
21.a77 
|6.e9) 
1 ■ . 456 

а.  661 
4.962 

б. a66 
6.776 
6.6«4 


2.291 

2.CA6 

1.967 

1.66) 

1.761) 

1.668 

1.6a8 

1.610 


.468 

.937 

.908 

.882 

.860 

.83) 

.810 


tfBP  pHtvAiPy 
I  tc  8  «CAI/100GP 

3063.2  -91.68 

2*62.4  -109.71 

2666.6  -160.61 
2262.0  -166.49 

21/1.1  -173.92 

21/2.1  -18C.67 

20  )9.0  -186.49 

2'.  ’7.7  -1  89.  79 

1»’)6.6  *193.21 

1971.2  -ISO. 16 
196*. 6  -IIO.M 

1969.7  -2CC.90 

19)9.0  -2C3.03 

1927.6  -276.93 

1917.0  -2C4.40 

1907.)  -2C4.20 

1899.2  -209.76 

le"*."  -211.12 

leav.ri  -212. 6| 
1»76,0  -21). 42 

lN07.r  -716. 74 
IhOl.l  -216.86 

1866.8  -214.84 

1868.9  -217.8) 

186).)  -218,76 

1837.9  -219.46 

1432.7  -220.66 

1827.6  -221.29 

182). 0  -222.04 

1816.6  -222.80 
1816. t  -223.62 

1809.8  -226.21 

1806.8  '226.87 

1801.6  -226.61 
1798.0  -224.1) 

1796.)  -224.7) 

1790. 7  -727.31 

1787.)  -227.87 

1783.9  -228.42 

1780.7  -228.96 

1777.6  -229.44 

1776.6  -229,94 

1771.6  -210.66 

1768.6  -2)0.9) 

I7f?.».  -.•*11,39 

1742.9  -7)1.86 

1740.1  -2)7.78 

1767.6  -7)7.71 

1766.9  -733.17 

1767.6  -733.53 

1764.9  -733.93 

7171.7  -173.91 


6H|fr|N0  flPANSI86 
C  SfAA  •  492a,?  Pf/SfC 
(P  CAL/  1  OPT  OPLWAC  OflVAC  I  SPA 


OfC 
1.242 
1.  187 
.977 


6.40) 

6.679 

6.667 

6.6)6 

6.616 

6,696 

6.677 

6.669 

6.667 

6.675 

6.609 

6.394 

4.379 

4.145 

4.351 

4.3)8 

4.375 

4.)l) 

4.301 

4.790 

4.77# 

4.747 

4.757 

4.247 

4.734 

4.777 

4.717 

.843 


122.6 

224.9 

262.4 
24/. 8 
2/8.4 
284.  ) 

292.6 
29/. 6 
)0t.8 
)06.6 

308.4 

>11.6 

316.2 

314.4 
318./ 

320.8 
)22.4 

324.4 
326.0 
32/. 6 

328.9 
3)0.3 
3)1.6 
3)2.8 

333.9 
3)6.0 
))4.0 
3)/.0 
3)8.0 

338.9 
>39.0 

340.7 
341.6 

347.3 
343.0 

343.8 
>44.6 
>46.7 

346.8 

344.5 
347.1 
34/, 7 
348.) 
>48.9 

349.4 
)50.0 

350.5 
351.0 

351.5 
357.0 

747.8 


41.0 
34./ 
)>.9 
>2.1 
30. • 

29.8 
29.0 
28.6 

27.9 
27.6 

24.9 
24.5 
24.1 


/P 

.826 
1.286 
1.8/3 
2.69/ 
3.12/ 
)./64 
6.620 
6.0/9 
6.71/ 
4.  324 
4.899 
/.6II 
8.l/(> 
8.861 
9.602 


221.4 

264.6 

246.8 


226.3 

282.1 

276.1 
278.8 

280.2 


26.8  10.16/ 
26.6  10.802 
26.2  11.634 
26,9  12.067 

26. T  12.444 

26.6  13.264 

26.2  13.8)6 
26.0  16.397 

23.8  16,993 

23.4  16.466 

23.5  14.314 

23.3  14.979 

23.1  17.461 
23.0  18.  >03 

22.9  18.942 

22.7  19.420 

22.4  20.275 

22.5  20.926 

22.3  21.573 

22.2  27.214 

22.1  77.854 
27.0  73.687 

71.9  74.116 

21.8  74.734 
21.7  75.351 

71.4  25.940 

71.5  24.543 

71.6  27,140 
21.4  27.750 

21.3  28.334 

21.2  28.912 
21.1  29.483 
21.0  30.048 
21.0  30.407 

70.9  31,728 

34.7  2.494 


779.7 

273.1 

790.1 

300.2 
307.0 
312.0 
316./ 

310.4 

321.0 

323.0 

326.7 

324.1 
37/.) 
>28.0 

328.8 

329.2 
329.7 
3  30.0 


2) 0.7 

275.3 
293.) 
)06.6 
317.) 

318.6 
)23.? 
327.) 

3) 0. 8 
>3). 8 
3)4.6 
3)8.1 
>61. I 
36). 0 
>66.9 

364.6 

368.1 

369.6 
360.9 

367.2 
163.) 
)54.6 

355.6 
>54.6 

357.5 
>58.5 
359.) 

340.2 
341.0 

341.8 

347.6 

343.7 

343.9 
)44.4 
>45.) 
>45.9 
>44.5 
>47.1 
>47.4 
>48.2 
>48.7 
>49.7 

349.7 

370.7 
370.7 

371.2 

371.4 
372.1 

372.5 

372.9 

304.5 


PE  O.OS  PSIA 


PRESSURE  PROFILE  DATA 

SYSTEM  LICUIO  eiPROPELLANT  PC  300.  PSIA 


COMPONFNT 

TREF  FORMULA 

DENSITY 

HEAT  FORM 

NT 

DEG  X 

GM/CC 

UCAL/FORM.kiT. 

) 

298  H2«a2 

1.448 

-44. 8^4 

76 

298  B5*H9 

0.620 

♦  7.74 

24 

PULK  OENSlfY  *  1.097  GM/CC 

FIXTURE  RATIO  »  3.167  LB  OXiOUEft  /  LB  OF  FUEL 

PRESSURE  profile  DATA 


CHAMBER  ENTROPY  329.52  EU/IOOGHS 


CHAMBER 

THROAT 

PRESSURE, 

PSIA 

300.0 

125.7 

52  .66 

22.06 

frozen 

14.70 

expansion 

9.244  3.873 

1.623 

.680 

.285 

.  1 19 

•  050 

170.2 

TEMP,  OEG 

K 

3201.0 

2dOl.2 

2445.9 

2129.9 

1994.6 

1848.9 

1599.  0 

1376.8 

1179.4 

1004.8 

850.8 

715.8 

2935.0 

FNTHALPY  1 

1-  I 

97.24 

123.57 

146.60 

166.67 

175.14 

184.13 

199,25 

212.31 

223.52 

233.  10 

241.24 

248.11 

114.80 

CP 

,66  37 

.6534 

.6422 

.6285 

.6216 

.6133 

•  5966 

.5776 

.5581 

.5384 

.5185 

.4983 

.6572 

IMPUL  3PT 
IMPUL  VAC 
PPSILCJN 

151.35 

232.67 

1.056 

207.21 

259.08 

1.607 

245.77 

283.85 

2.416 

260.31 

293.98 

3.738 

274.93 

304.48 

5.215 

297.90 

321.49 

9.936 

316.39 

335.51 

19.225 

331.45 

347.08 

37.522 

343.79 

356.63 

73.556 

353.94 

364.50 

144.402 

362.28 

370.96 

283.273 

123.60 

227.94 

1.000 

SHIFTING  EXPANSION 


PRESSURE, 

PSIA 

JOO.O 

125.7 

52  .66 

22.06 

14.70 

9.244 

3.873 

1.623 

.680 

.285 

•  119 

.050 

173.8 

TEMP,  OEG 

K 

3201.0 

2932.3 

2675, 1 

2423.2 

2306.0 

2172.6 

1924.7 

1  787.0 

1696.4 

1613.1 

1536.4 

1465.0 

3030.7 

ENTHALPY  1 

1-1 

97.24 

124.01 

148.22 

170.04 

179.45 

189.59 

206.95 

222.44 

236.75 

250.04 

262.42 

273.97 

114.35 

X  BAR 

5.082 

5.021 

4.971 

4.9  34 

4.921 

4.910 

4.898 

4.811 

4,700 

4.596 

4,498 

4.407 

5.043 

N 

5.062 

5.021 

4.971 

4.9  34 

4.921 

4.910 

4.898 

4.896 

4.895 

4.894 

4.894 

4.894 

5.043 

CP 

1.3636 

1.2153 

1.0573 

.9027 

•  8356 

.7694 

.6771 

4.4188 

4.2990 

4.1629 

3.9955 

3.7753 

1.2726 

IMPUL  OPT 

152.61 

210.60 

251.66 

267.42 

283.44 

308.94 

330.02 

34R.38 

364.59 

379.07 

392.10 

122.00 

IMPUL  VAC 

236.02 

265.10 

292.73 

304.11 

315.97 

335.32 

352.54 

368.  16 

382.  17 

394.83 

406.33 

230.30 

tPSlL;:N 

1.065 

1.664 

2.987 

4.006 

5.648 

10.931 

22.273 

46.700 

99.039 

211.946 

456.917 

1.000 

COMPOSITION  SHIFTING  IMOL/lOO  GM) 


132.60 

.ocoo 

.0000 

.ocoo 

.0000 

.0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

114.76 

B»h 

.0000 

.0000 

.0000 

.0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

.0000 

,0000 

.0000 

.0000 

-47.13 

M*H*C 

.2019 

.1515 

.1055 

.0658 

.0503 

.0353 

.0155 

.0076 

,0040 

•  0021 

.0011 

.0005 

•  1699 

-1 35.32 

fi»H*C2 

1.3459 

U4229 

1.4906 

1.5470 

1.5693 

1.5915 

1.6247 

1.5212 

1.3631 

1.2025 

1.0419 

•  8843 

1.3953 

66.00 

»!*H2 

.ooco 

.0000 

.OCOO 

.0000 

.0000 

•  0000 

.0000 

.0000 

.0000 

•  0000 

.0000 

.0000 

.0000 

-45.00 

H*H2  «02 

.ooco 

.0000 

.ocoo 

.0000 

.0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

.0000 

•  OOOO 

.0000 

IB.OO 

K»M3 

.ooco 

.0000 

.OCOO 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

•  OOOO 

-238.60 

H#H'3  *0  3 

.0006 

.0004 

.0C03 

.0003 

.0003 

.0003 

.0004 

.0004 

•  0003 

.0002 

.0002 

.0001 

.0005 

5.74 

P«u 

.0422 

.0231 

.0106 

.0037 

.0020 

.0009 

.0001 

.0000 

.0000 

•  0000 

.0000 

•  OOOO 

.0295 

-84.00 

e»32 

.0918 

.0682 

.0450 

.0252 

•  0178 

.0111 

.0036 

.0018 

•  0011 

.0006 

.0004 

.0002 

.0771 

199.30 

b2 

•  0000 

.0000 

.0000 

.0000 

.0000 

•  0000 

.0000 

.0000 

•  ooou 

.0000 

.0000 

.0000 

•  OOOO 

.111.60 

R2*02 

.0111 

.0076 

•  0C46 

.0024 

.0016 

•  0010 

.000  3 

.0001 

.0000 

•  OOOO 

.0000 

.0000 

•  0088 

-210. lu 

«2»03 

.0975 

.  1091 

•  1192 

.1264 

.1283 

.1293 

.1272 

.0995 

.0703 

.0482 

.0322 

.0207 

•  1049 

-541.69 

P3*H3*G6 

.0000 

.0000 

.OCOO 

.0000 

.0000 

.0000 

.0001 

.0001 

•  0001 

•  0001 

•  0001 

.0001 

•  OOOO 

52.10 

H 

.2008 

•  1421 

.0097 

,0460 

•  0332 

•  0202 

.0062 

.0032 

.0022 

.0015 

.0010 

•  0006 

•  1634 

9.33 

H*r 

.0308 

.0207 

•  0C96 

.0036 

.0021 

•  0010 

.0002 

.0001 

•  0000 

.0000 

.0000 

•  OOOO 

•  0265 

•  00 

H2 

2.0506 

2.1286 

2.1921 

2.2451 

2.2652 

2.2839 

2.3076 

2.3163 

2. 3202 

2.3223 

2.3234 

2.3240 

2.1030 

-57.80 

H2»C 

.9907 

•  9460 

.9C35 

.8661 

.8509 

.8354 

•  8123 

.0607 

•  9385 

1.0181 

1.0901 

1.1769 

•  9626 

59.56 

C 

•  U022 

.0008 

.0002 

.0001 

.0000 

.0000 

.0000 

.0  000 

.0000 

•  0000 

•  OOOO 

.0000 

.0012 

.00 

02 

.0004 

.0001 

•  OCOO 

.0000 

•  0000 

.0000 

•  0000 

.0000 

•  0000 

•  0000 

•  0000 

•  OOOO 

•  0002 

-  305.34 

P2»03/C 

•  ooco 

•  0000 

.OCOO 

.0000 

•  0000 

•  0000 

.0000 

•  0045 

.1951 

.2987 

.3958 

•  4864 

•  OOOO 

-104- 
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PI  O.Oi  PSIA 


AERONUTRONIC  DIVISION 
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AERONUTRONIC  DIVISION 
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24  59  SYSTEM 
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PRESSUkF  PRCFILE  DATA 

SYSTEH  LILUIO  blPKOPEtLANI  PC  lOOC.  PSiA 

CCHPONEM  TfifcF  FORMULA  CEKSHY  HEAT  FPRH  hi.  0/0 

-  _ -  ILW-K _ CP/t.C _ (KCAL/FORP-hT.) _ 

1<?8  1.SCC  -2.C  ao. 

298  0.t2C  *7,n  20. 

BULK  CENSITY  =  1.168  GP/CC 

PIXTLKE  WATie  »  »i.OCO  LP  CxlCIZER  /  LP  OF  FLEL 


PRFSSURF  PROFILE  CAFA 
CHAHBCR  fcNTRCPV  269.44  FU/IOCGPS 


CFAPBER 


IHROAT 


FROZEN  EXPANSION 


PRESSLKE,  PSU 

1000 

39a.  1 

15fl.5 

63.  to 

25.  12 

14.70 

10.00 

3.981 

1.5e5 

.631 

.251 

.  100 

546.  1 

TEPP, 

CEG  K 

4202,9 

342C.9 

2775.2 

2242.8 

1H04.4 

1585.9 

1443.  7 

1  147.9 

906.6 

711.3 

554.  3 

429.3 

3672.5 

emfalpy  {-) 

-.9  1 

31.39 

57.65 

7d.9l 

96. C6 

104.45 

109.82 

1?C. 79 

129.49 

1 36.34 

141.70 

145.87 

21.05 

CP 

,4160 

.4C9ri 

.4C32 

.  3951 

.  386? 

•  3808 

.3T6C 

.  5657 

.  3554 

.  3458 

.  3369 

.3294 

•  4121 

IPPUL 

OPT 

167.614 

225. f  1 

26J.62 

290.45 

302.75 

510.37 

52S. 59 

356.82 

345.55 

552.23 

357.34 

1  38.23 

IPPUL 

VAC 

249. 6C 

275. C9 

297.70 

315.40 

323.77 

329.05 

339.56 

347.63 

353.82 

358.55 

362.  16 

244.94 

EPSILCN 

1,C54 

1.595 

2.775 

S.064 

7.327 

9.56  1 

1P.2M 

34.9C9 

67.055 

128.778 

246.966 

1.000 

SHIFTING  EXPANSION 

PRESSURE*  PSU 

ICOO 

396.  : 

15H.5 

63.  10 

25.  1? 

14.70 

IC.OU 

3.98  1 

1.585 

.631 

.251 

.ICO 

564.8 

FEPP* 

CEG  K 

42C2.9 

366F.a 

*251 , 3 

2891.5 

2600.8 

2457.1 

2365.0 

2161.7 

1984. a 

1821.4 

I660.C 

1591.7 

3875.0 

EMFALPY  (-1 

-.9  1 

32.24 

60.  76 

c5  •  4  6 

107. C5 

1 18.43 

126.  13 

143.  1  3 

158.38 

172.09 

184.43 

195.68 

20.24 

X  EAR 

4.646 

4.54  7 

4.450 

4.  355 

4.254 

4.  197 

4,156 

4.064 

3.970 

3.902 

3.839 

3.  7  37 

4.584 

N 

4.646 

4.547 

4.450 

4.353 

4.254 

4.  197 

4.  156 

4.064 

3.978 

3.902 

3.859 

3.602 

4.584 

CP 

.9C30 

.p/e  1 

.9  124 

1.0141 

I.  1 4  70 

I.2I6S 

1.2551 

1.2925 

1.2416 

1.C926 

3. 9034 

10.9282 

•  8828 

IPPLL 

OPT 

169.62 

231.63 

274.1  1 

306.47 

322.22 

332.45 

355.99 

372.26 

387.95 

401.54 

4  1  3.55 

135.66 

IPPUL 

VAC 

255. 2C 

2P5.63 

3H.81 

337.68 

349.88 

357.99 

375.45 

390.59 

403. 79 

415.26 

425.98 

248.85 

EPSILON 

1.07U 

1.  700 

3.  1  39 

6.  W9 

9.395 

12.743 

26.887 

57.724 

125.238 

620. 383 

1.000 

CCFPCSITION  SHIFIINC  UCL/lOt  OP) 

li2.6C 

P 

.CCC7 

-CCC2 

.CCOC 

.ococ 

.COCO 

.cooc 

.CCCC 

.COCC 

.coco 

.COCO 

.OCOC 

.coco 

.0003 

-4b. 47 

8»F 

1.3972 

1.3941 

1.  3695 

1.3209 

1.2540 

I.2IC2 

1.1777 

I.OVVl 

1.0230 

.9533 

.8947 

.  7933 

1. 3974 

-ti3.84 

K*f2 

.1391 

.  1165 

.0990 

.0  791 

.0598 

.0495 

.0428 

.0292 

.0189 

.0114 

.0062 

.0044 

•  1261 

p«F  4 

.C45e 

,07C2 

.1144 

.1830 

.2692 

.3235 

.3625 

.454  7 

.5411 

.6162 

.6621 

.7199 

.0591 

1  14.76 

e«F 

.ccoo 

.OCCC 

.ocoo 

.ocoo 

•  coco 

.0000 

•  COOO 

.COOO 

.COCO 

.  C  0  V  0 

.OCOC 

•  0000 

.COOC 

66. CC 

e*F2 

.ccci 

.CCCC 

.CCCO 

.ocoo 

.coco 

.ccoo 

.0000 

.0000 

,0000 

.0000 

.0000 

.0000 

.0001 

ib.OC 

H*F3 

.ccoo 

•  CCCO 

.ocoo 

.0000 

.ooco 

•  0000 

.0000 

.0000 

.ooco 

.ooco 

.0000 

.0000 

.0000 

199. 3C 

B2 

.ccco 

-OCCC 

.ocoo 

.0000 

.ooco 

•  0000 

.0000 

.0000 

.ccco 

.OCCC 

.0000 

.ooco 

.0000 

-124. 2C 

63«H6«N3 

.coco 

.OCCG 

.occo 

.0000 

.0000 

.ocoo 

.COOO 

.ooco 

.ooco 

.coco 

.0000 

•  COCO 

.0000 

18.66 

F 

.C302 

.OK  3 

.CC29 

.00C7 

.00C2 

.ccoi 

.0000 

.0000 

.0000 

.0000 

•  0000 

•  ooco 

.0158 

-64. 5C 

F*F 

1.2334 

1.2246 

1.  1627 

1.0477 

.8951 

.7974 

.7256 

.5549 

.3923 

.2456 

.1250 

•  1147 

1.2338 

5fe.6C 

F*N 

.ccco 

.CCCO 

.0000 

.0000 

•  OOCO 

.0000 

.OOCO 

.0000 

.0000 

.0000 

.0000 

.onco 

.0000 

•  CC 

F2 

.ccco 

.CCCC 

.ocoo 

•  OCOO 

.ooco 

•  0000 

.0000 

.COOO 

.ooco 

.coco 

.0000 

.OvvO 

.oocc 

52. 1C 

F 

•  4439 

.2946 

.  1  7flfi 

.  1C32 

.0589 

.0424 

.0335 

.0  186 

.0098 

.0046 

.0017 

.0014 

.  3483 

79.20 

F*N 

.C006 

.0GC2 

.0000 

.0000 

.0000 

.0000 

•  0000 

.0000 

•  0000 

.0000 

.0000 

.0000 

.0003 

.CC 

F2 

.5855 

.6649 

.  75  5H 

.8492 

.9477 

1.0048 

1.0451 

1. 1 580 

1.2236 

1.2996 

1.3623 

1.3666 

.6334 

40. 3C 

F2«N 

-ccoi 
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1.005 

I6.CCC 

1*5. 4;9 

7.3P1  247  3.5 

-136.62 

345.4 

74.  3 

S.79I 

564. C 

569.7 

1.412 

1  (.OCO 

146. 322 

<."54  2455.3 

•I'r'.Ct 

347.2 

23.9 

5.504 

565.  1 

371.1 

i.e  19 

IP.CCC 

15  7.25C 

6.557  £450.5 

•159.41 

34P,9 

23.6 

).ri5 

566.  1 

5(2.5 

1.B26 

19.CCC 

167. JCP 

5.941  2422. P 

' ■ 14C,67 

35C.4 

23.  3 

?.976 

ur.i 

5(3.8 

i.es2 

2C.CCC 

1 79. 34  1 

*.576  24CP.2 

-141.H5 

3M.9 

25.0 

4.134 

367.9 

)7L.9 

i.0se 

7  I.OCU 

190.359 

5.255  2394.5 

- I42.9t 

355.  3 

22,0 

4.  359 

360.  7 

176.  1 

).8'44 

22.CCC 

2C1.3*9 

4.967  2371.6 

-144.02 

354.6 

27.6 

4.541 

369.4 

177.  1 

).(*h9 

3 3.CCC 

212.2‘P 

4.711  7569.5 

-145.01 

355. P 

22.3 

4.r4c 

37C.C 

570. 1 

1.054 

24. ecu 

22  3.  ICC 

4. 482  735P.C 

-  145.96 

356.9 

?2.1 

4.935 

570.6 

379,  1 

1.058 

25. OCC 

235.854 

4.276  2547.1 

'  -I4«.H6 

150.0 

21,9 

5.  17( 

571.2 

300.0 

1.863 

26.CCC 

244. 51c 

4.C9C  /33t,7 

-U7.72 

359.  1 

21.7 

5.315 

3(1.7 

300.8 

1.067 

?  7.CCC 

2*5.674 

!.9n  2326.9 

•  148.54 

36C.I 

21.6 

S.513 

572.2 

301.6 

1.871 

?P.CCC 

267.9*1 

f.  7  57  2  31  7.4 

-149.35 

561.0 

21.4 

5.731 

572.6 

302.4 

1.875 

29. ecu 

27  0.  JCJ 

5.56e  23CP. 3 

-  150.08 

361.9 

21.7 

5.95! 

57  5.0 

305.2 

1.078 

'C.CCC 

297.776 

3.416  2299.7 

-150,01 

562.0 

71.  1 

6.17) 

373.3 

383.9 

I.HR2 

3I.CCC 

'C5.!‘5 

■  3;?T5"  2291. 4' 

163.6 

20  ."T" 

6.341 

Tn'.'T 

384.6 

1.885 

J2.CCC 

3 17.969 

3.145  2283.4 

-152.18 

364.4 

20.0 

6.61b 

374.0 

305.2 

I.BB9 

53.0C0 

330.662 

5.024  2275.8 

-152.8) 

365.2 

20.  7 

6.830 

374.2 

305.9 

i.B92 

•4.CCC 

34  3. 4C3 

2.9  12  2268.4 

-153.45 

366.0 

20.5 

7.049 

3(4.5 

306.5 

I.B95 

‘5.CCC 

356. 17« 

2.8CP  7261. 3 

- 154.C5 

366.7 

20.4 

7.268 

374.7 

307.  1 

1.098 

•6.CC0 

360.976 

2. 7  1C  2254.4 

-154.64 

367.4 

70.  3 

7.405 

374.9 

387.3 

1.900 

57.CCO 

jsi.7e5 

2.619  2247.8 

155.20 

368.0 

20.7 

7.701 

5^.t 

ihi.i 

k.^03 

3M.0CC 

394.594 

2.534  2241.4 

-155.75 

368.7 

70.  1 

7.917 

375.2 

388.7 

1.906 

39.CCC 

4C7.392 

2.455  2235.2 

-156.28 

369.3 

70.0 

P.I30 

375.4 

389.5 

1.900 

it.CCC 

42C. 169 

3.  IflC  2229.2 

-156.79 

569.9 

19,9 

8.  343 

3(5,5 

389.0 

1.911 

4  i.cca 

4!2.V'I($ 

2.310  7223.4 

-  157,29 

17C.5 

19. « 

8,553 

S7»i.( 

390.3 

1.915 

42. OCO 

445.624 

2.244  2217.7 

-157.78 

371.1 

19.7 

8.762 

5(5.0 

390.7 

1.9  16 

41.CCC 

4*6.285 

2.  107  2212.2 

-  150.25 

371.6 

19.6 

8.969 

375.9 

391.2 

i.4i0 

44.CCO 

470. P92 

2.124  22C6.9 

-150.71 

572.7 

19.5 

9,  174 

376.0 

391.6 

1.920 

45. OCO 

483.439 

7.C69  22C1.8 

-159.  16 

372.7 

19.4 

9.176 

376.  1 

592.  1 

1.922 

46.CC0 

495.919 

2.016  2196.7 

-159. 6C 

373.7 

19.3 

9,57? 

376.2 

492.5 

1.924 

47.CCv 

5Ce.327 

1.967  2191.8 

-160.02 

373.7 

19.2 

9,775 

376.2 

392.9 

1.926 

48. OCO 

520.659 

I.92I  2)87.0 

-160.44 

374.7 

19.7 

9.972 

376.3 

393.3 

1.928 

49,GC0 

532.912 

1.876  2182.4 

-  160.04 

174. 6> 

19.  1 

1C. 165 

576.4 

393.7 

1.9  50 

50. OCO 

545. CPI 

1.015  21  (7.9 

-  161.24 

375.1 

19.0 

1C. 357 

3(6.4 

394.  1 

1.952 

9.327 

68.046 

14.696  2652.  1 

-122.91 

1.1  IT 

327.6 

28.0 

1.902 

307,6 

356.) 

352.4 

355.6 

1.606 

1.  745 

-111 


PrlESSUREi  PMA 
TEHP,  dec  k 

ESTHALPV  I-) 

CP 

I^'PCL  (3PT 

I^'PLL  VAC 
EPSILON 


PKESSUREi  PSIA 
DEC  K 

enthalpy  I-) 

X  HAft 
N 

CP 

IHPLL  OPT 
IHPLL  VAC 
EPSILON 


132.60  e 
-<•5.47  P«F 
-133.84  e*F? 
-270.00  e«f3 
114.76  e*H 
66.00  P»H2 
18. CO  e*H3 
179.30  82 
-124.20  e3«He*N3 
LB. 86  F 
-64.50  F»H 
58.60  F«N 
.00  F2 
52.10  H 
79.20  ►•N 
.00  H2 
40.30  H2»N 
-11.04  »-3*N 
IL3.00  N 
.00  N2 


PRESSURE  PROFILE  DATA 

SYSTEP  LILUIC  eiPflOPELLANt  PC  1000.  PSIA 


COMPONENT 

TREF  FQRPLLA 

CENSITY 

heat  form 

hT 

DEC  K 

GM/CC 

IKCAL/F(3RM,t,T. 

i 

ISfc  N2»F4 

1.50C 

-2.0 

65 

298  B5*H9 

0.620 

♦  7.  74 

i5 

euLK  CENSItY  •  1.237  CM/CC 

FIXTURE  RATIO  •  5.66  7  LB  OXlDUkR  /  LB  Cf  =UEl 

PRESSURE  profile  DATA 
CHAPPER  ENTROPY  255.53  Eu/IOOGHS 


ChAPBER 

ICCO  J98.1 

158.5 

63.  1C 

FROZEN 

25.12 

EXPANSION 

14.70  10.00 

3. 9h1 

1.585 

.631 

•  .:c 

THROAT 

545.7 

4728 . 7 

3845. 3 

3118.6 

2521  .  1 

2030.? 

1  786.0 

1627.2 

1296.7 

1026.  7 

807.5 

631.0 

490.0 

4128. a 

-.20 

3  3.20 

60.33 

€2.  31 

ICC. 03 

108.71 

114.28 

125.67 

134.71 

141.06 

147.46 

i 51.02 

22.53 

.  3806 

,  3  75  7 

.  3  70  7 

.  3647 

.  3573 

.3526 

.  34^9 

.  3396 

.  3302 

.  3211 

.3130 

.3050 

,  3774 

170.47 

229.48 

26  7,92 

295. 30 

307.81 

315.59 

330.91 

342.60 

351.55 

358.41 

363. .'.6 

140.62 

253.78 

279.67 

3C2.6? 

32C.69 

329.24 

334.6  3 

345. 38 

353,66 

360.03 

364.91 

368.64 

249,05 

I.C53 

1.594 

2.  772 

5.087 

7.338 

9.583 

18.294 

35.144 

67.662 

130.263 

i’50.424 

l.OOO 

ICCO 

398  .  ; 

I5tf.5 

6  3,  IC 

SHIFTING  EXPANSION 
25.12  14.70  10.00 

3.981 

1.585 

.631 

.261 

•  100 

568.0 

4728.7 

424C.2 

3789.5 

2367.9 

2997.4 

2812.9 

2694.  3 

2450.7 

2251.4 

2084.1 

1940. 1 

1 81 3.2 

4423.0 

-.20 

34.38 

64.59 

90,95 

1 1 3.89 

125.88 

133.96 

151.69 

167,52 

181.77 

194. 70 

2C6.48 

21.58 

4.272 

4.162 

4.C68 

2.985 

3.9C3 

3.853 

1.816 

3.727 

3.638 

3.553 

3.472 

3.  395 

4.203 

4.272 

4.162 

4.C68 

*  .985 

3. 903 

3.853 

3.816 

3.727 

3.638 

3.553 

3.472 

3.  395 

4.203 

1.2147 

1.0745 

.9128 

.  8  3  31 

.8920 

.9700 

1.0382 

1.2131 

1  .  37  37 

1.5040 

1.5824 

1.507J 

1.1355 

173.44 

237  .43 

261.60 

315. C5 

331.19 

341.63 

363.51 

381.98 

397.88 

411.77 

424.01 

137.68 

261.41 

293.56 

322.80 

347.15 

359.48 

367.65 

305.23 

400.52 

413.97 

425.91 

435,59 

254.40 

I.C75 

1.  723 

3,177 

6.218 

9.367 

12.660 

26.548 

56.916 

124.073 

273.924 

610..774 

1  .000 

COPPOSITICN  SmIFIING  (MOL/IO'Y  0»  » 


.CCC7 

.0003 

.OCQl 

.0000 

.COCO 

.0000 

.0000 

.ooco 

.COOO 

•  0000 

.0000 

.0300 

.0004 

.92C5 

.9205 

.9177 

.9057 

.8739 

.8455 

.8214 

.  7550 

.6818 

•  6068 

.5325 

.4olO 

.9207 

.  1921 

.1688 

.  I^IO 

.1110 

.C831 

•  0691 

.C602 

.0424 

.0292 

•  0196 

.0129 

.0083 

•  1783 

.0738 

.0977 

.1284 

.1705 

,23C2 

.2726 

.3057 

.  3899 

.4762 

•  5608 

.6416 

.7179 

.0878 

.CCCO 

.0000 

.OCOO 

,0000 

.coco 

.0000 

.COOO 

.OOCO 

.COOO 

•  0000 

,0000 

.0000 

.  2000 

.COCO 

.ocoo 

.ocoo 

,0000 

.coco 

•  0000 

.0000 

.0000 

,0000 

.0000 

.OOCO 

.0000 

.0000 

.coco 

.ococ 

.occo 

,0000 

.coco 

.COOO 

.0000 

.0000 

•  oom 

,0000 

.ooco 

•  ooco 

•  OCOO 

.coco 

.0000 

.ocoo 

.0000 

.coco 

.cooo 

.0000 

.0000 

.0000 

,0000 

.ooco 

•  ooco 

•  OCOO 

.CCCO 

.0000 

.ococ 

.0000 

.coco 

.0000 

.0000 

.0000 

.0000 

•  0000 

.0000 

•  0000 

.0000 

.2486 

.1402 

.0619 

,0199 

.0051 

.0022 

.0012 

.0003 

.0001 

•  0000 

.0000 

.0000 

.1789 

.4939 

1.5774 

1.6219 

1,6096 

1.5329 

1.4649 

1.4087 

1.2591 

1,0998 

•  9401 

.7850 

.637*» 

1.5491 

.COCO 

.ocoo 

.OCOO 

.0000 

.coco 

.0000 

.0000 

.0000 

.COOO 

•  0000 

.0000 

.0000 

.0000 

.CCCO 

.0000 

.ocoo 

.0000 

.coco 

•  0000 

.0000 

,0000 

.0000 

•  0000 

•  OOCO 

•  0000 

•  0000 

.4C28 

.3195 

.2438 

.1744 

.1163 

.090  3 

.0750 

.0480 

.0307 

•  0196 

.0124 

.0077 

•  3506 

•  C0C8 

.0CO3 

.OCOl 

.ocoo 

•  cooo 

•  0000 

.0000 

•  0000 

.0000 

.0000 

•  OOCO 

•  0000 

.0004 

.1198 

.1199 

,  1  356 

.1765 

.2439 

.2909 

.  3267 

.4150 

.5033 

.5886 

.6698 

•  7460 

.1184 

.CCCO 

.0000 

.ocoo 

,0000 

.COCO 

.0000 

•  0000 

•  OOCO 

.0000 

•  0000 

•  OOCO 

•oooo 

•  0000 

.coco 

.0000 

.ocoo 

,0000 

.0000 

•  0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

.0000 

•  0000 

•  0038 

.0014 

.0C04 

.0001 

.coco 

•  0000 

•  0000 

.ooco 

.0000 

.0000 

.ooco 

•  0000 

.0021 

.8149 

.8163 

.8169 

,8171 

.8172 

.8172 

.6172 

.8172 

.8172 

.8172 

.8172 

.8172 

•  8159 

SYitCIi  ilCUID  ft!M9MLL«N1 
COMShfST 

ifU  « 

!%•  N2»F4 

2411  99**<9 


l.OOQ 

2.000 

1.000 

4.000 

9.000 

4.000 

T.OOO 

4.000 

9.000 

10.000 

11.000 

12.000 

IJ.OOO 

14.000 

14.000 

14.000 

17.000 

11.000 

19.000 

20.000 

21.000 

22.000 

21.000 

24.000 

24.000 

24.000 

27.000 

24.000 

29.000 

10.000 

11.000 

12.000 

11.000 

14.000 

•5.000 

)4.l.'IGC 

17-000 

14.000 

19.000 

40.000 

41. \.f  0 

42. C17 
41.001 
4«.000 
45.000 
«4.?'»6 
47. MO 
44.000 

.  '  oiO 

lO.OOv 

7.114 


4C/4 

I  .0(0 
1.412 
147 
14. 1(4 
14.447 

14.424 
10.941 
:1.44J 
'7.141 
il.4<2 
:4.44(k 

12.441 
140 

14.1*2 
1.911 
.777 
:9.7)2 
7.429 
i4.4(4 
i4.7  71 
14.414 
:e.45i 
10.411 
12.75  7 
'4.1(0 
14.1 19 
.194 
14.214 
7.1(4 
>0.4(1 
1.4(7 
14.444 

19.441 

12.424 
:4.l!4 

7.M9 

1.4C4 

10.417 

;4,214 

14.920 

1.9)0 

12.221 

7J9 

k9.4}4 

14.5(9 

7.4(2 

17,152 

4.7)4 

■  '.lU 

AlJ 


4  4*14  ?(H4  4‘<Tf4L4v 


ICOO.C'JO 
444.  107 
44. (44 
44.21C 
14.441 
24.490 
19,410 
14.111 
12.944 
10.911 

9. 194 
4.144 
7.147 

4.194 
4.  749 

4.214 

4.747 
4.  149 
4.C47 
1.  741 
1.444 
1.242 

1. C24 

2.4) S 

2. (44 
2.SI1 
2.174 

2.241 
2.  140 
2.09 
1.94.7 
1.16) 

1.747 
1.  fl  7 
l.«4) 
1.591 

1.5) 0 
1.449 
1.412 
1.149 
1.109 

1.242 

1.214 
1.177 
'..1)4 
1.102 
I.C47 
1.04 
I, CO* 

.574 
.54  7 

I4.s4« 


CfC  R  4C  *1/1000*  0*  t>t& 


»C  1000.  #f'4 

OINSlfY  HE4f  reRf 

CH/CC  (ROl/FMN.WT. 

1.400  -2.0 

0.420  *7.74 

mCif*  (IRANSION 
C  MA«  •  4192.4  4f/SfC 
C4  CU'  1  e/'t  0C1V4C  0CIW4C  1  4C4  I  47 


4724. 7 

4124.4 
24)5.4 
2‘)*4.9 

2201.7 

2042.5 

1914.1 

1415.7 
171).  • 
144). 
140).  1 
I55''.5 
l5-'*-.0 
14(2.) 
(•>74.4 
1  >  *9.4 
1  M9.4 
?  tlO.  7 
) IC«.  I 
1^279.4 

1254.1 
Wl*.  7 

.214.4 

119'. 4 

1177.1 

1140.1 

1144.1 

1124.4 
11(4.2 

1190.2 
1016.9 
1074..' 
1042.0 

1050. 1 
1019.0 

1024.2 

1017.4 

1007.7 
44I.U 

944.4 

979.4 

970.4 

942. 1 

954.1 
946.  I 
9)4.4 
9)0.9 

921.4 

914.5 
909.4 
992.9 

1744.0 


.2C 
-i-2.51 
-  70.79 
•F4.9) 
-51.4) 
-59.40 
-lC4.|ft 

-  II 7.45 
-I  15. "I 
-111.07 
-Wj.1< 

-  1 14.95 
-114.54 
-120.00 
-121.29 
-122.44 
-111. 5) 
-l.'4,51 
-125.42 
-124.25 
-127.04 
'  1  ;  7.  7  7 
-124.45 

•  l?4.t't 
••  (29.70 
-110.27 
-I  10.41 
-I  11.12 
-111.41 
-112.24 
-112.72 
-11). 14 
-111.55 
-111. 9) 
-1)4.11 

-  1 14.44 

•  1)5.01 

•  115.14 
-115.44 
-I  15.97 
-1)4.27 

-  1 »4.55 

•  !  J^-.4» 
•117.10 

-  I  *7. 16 

•».42 

-  *7.44 

-  14.10 

-  19.)) 
-124.54 
-I  )4.77 
-IC4.*I 


.144 
.  140 
.154 
.)55 
.  15) 


.  144 
.1*5 

4 


.  1)4 
.1)1 
.))) 
.  1)2 
.1)2 
.  1)2 
.1)1 
.1)1 
.  *.*0 
.  7)0 
.  ■'29 


.  124 
.  124 
.  124 
.127 
.127 
.  127 
.124 
.  124 
.  124 
.124 
.125 
.15) 


140.4 
249. <■ 
272.2 
2*5. 4 

294.7 
)01.2 
304.) 

310.4 

iti.a 

314.7 
3)9.2 

321.4 

321.4 

325.1 

324.7 

324.1 
*  9.4 

*C.4 
'  *1.7 
J12.7 

1.1.7 

334.4 

335.4 

334.2 
334.9 
3)7.4 
3)4.) 
)14.9 
1)9.5 
140.) 

340.4 

341.1 

141.4 

342.1 
.14;, 9 
141. 0 
1*1. * 
14). 4 

144.2 
14.. 4 
)*4.9 

145.1 
>45.4 
)45.9 
1*4.1 
3*4.4 
>44.9 

147.2 
)47.4 

147.7 

107.4 


104.  « 

41.2 
>3.2 
24.5 

25.4 

23.5 

21.4 

20.4 

19.4 
14.7 
l».  » 

17.3 
14.1 


15.3 
I*. 4 
1*.4 

14.2 

13.4 
13.7 
)>.4 
1).2 

12.4 

12.2 

12.5 
12.1 
12.  I 
12.0 
11.4 
11.4 
11-5 

11.4 
11.2 
M.l 
ll.O 

10.4 

10.  2 

10.4 

10.5 
19.4 
lU.l 
10.2 
10. 1 
10. ( 


/4 


.•■01 

.414 

.944 

1.144 
1.353 
1.54) 
t.  790 
1.990 

2.144 
2.404 
2.410 
2.414 
1.014 
1.209 
1.199 
1.542 

1.744 
4.000 
4.215 

4.4?9 

4.442 

4.45) 

5.041 

5.249 
5.474 
5.47) 
5.444 
4.041 

4.249 
4.4)1 
4.412 

4.744 
4.459 

7.145 
7.114 
7.592 

/.AG* 

4.020 

1.23) 

4.447 

4.440 

4.472 

9.044 

5.295 

9.504 

9.711 

9.92C 


LVL  10000 

i*4.l  247.0 

2*4.2  244.1 
2  14.3  2««.2 
)()2.>  103.9 

313.4  IIO.O 
>V7.t  312.4 

30'. 7  111. 9 

)14.7 


>13.0 


t  AT 
30000 

244.7 

249.4 

104. 


.  »4(  1,4  itk  C*  VAC 


))2.0 

1)1.4 

1)4.4 

1)3.4 

)34.3 

117.2 

))7.« 

1)4.3 

1)9.0 

1)9.5 

119.4 
140.  1 

140.4 
140.4 
140.4 


L9L 


249.1 

290.4 

305.4 
112.4  314.) 
>14.4 
>22.7 
>23.4 
>24.3 
)!0.4 


107.4  )14.3  )<4.4 


>21.2 

1)1.1 

))).4 

))3.4 

117.2 

114.7 
140.  I 

141.1 

142.4 

141.4 

144.1 

143.1 

145.9 

144.7 

147.1 
143.0 

143.5 

149.1 

149.4 

150.1 

150.4 
151.0 

151.5 

151.9 

152.2 

152.4 
151.0 

151.1 

151.4 
151.9 

154.2 

154.5 

154.4 
>55.1 
155.) 

135.4 
>55.3 
154.0 
>54.) 
>54.5 

154.7 
>54.9 
>37.1 
157.) 
>29.2 


2)9 

.4)0 

321 


1.233 
1.441 
1.337 
1.9»2 
1.412 
1.434 
1.432 
1.444 
1.471 
1.4t3 
1.497 
1. 703 

1.712 

1.713 
1.72) 
1.723 
1.  71) 
1.737 

1.741 
1.743 

1.743 
1.731 
1.734 
I.73T 
1.740 

1. 742 

1.744 
1.747 
1.749 
1.7/1 
1.771 
1.7  73 
1.7  74 
1.773 
1.740 
1.791 
1.731 
1.734 
1.734 
1.737 
1.733 

1.790 

1.791 

1.742 
1.791 
1.744 

1.743 

1.744 
1,797 
U793 

344  1.437 


1.000 
2.003 
1.000 
4.000 
5.000 
4.000 
7.000 
3.000 
9.000 
10. COO 
11.000 
12.000 
11.000 
14.000 
15.000 
(4.000 
(7.000 
(3.000 
(9.000 
20.000 
2(.000 
22.000 
21.000 
24.000 
23.000 
23.000 
27.000 
23.000 
29.000 
30.000 
31.000 
12.000 
Jl.OOO 
14.000 
13.000 
13.000 
17.000 
13.000 
19.000 
40.000 

4i.or.o 

42.030 

41.000 

44,000 

M.OOO 

^.OOO 

000 

.000 

■^00 


AC/* 

(.0(0 
(.7(1 
3.410 
(5.030 
2.'. 1(3 
10.4(4 
33.(75 
44.71'. 
15.4)7 
44. 70 
74.00 
0.70 
91.513 
K1.495 
( 11.9*2 
124. 4C4 
05.442 
144. 4C3 
07.4(1 
1(3. 3(9 
179.490 
190.797 
2Ct.342 
212.3(5 
221.7(7 
214.4(7 
243.147 
296.713 
2(9.122 
2(1. 421 
294.224 
3(4.917 
119.411 
112.3(3 
143.111 
393.237 

171.214 
114.190 
997.03) 
410. OCl 
422.393 
413.740 
443.530 
431.143 
474.093 
433.7(1 
499.277 
311.773 
924.192 
334.323 
343.770 
41.04* 


A  AlU 

1C04.COO 

2.944 

1.907 

4.1(4 

4.(43 

2. (24 

4. (95 

(.401 

7.941 

5.  *51 
1.494 
(.9)7 
0.491 
9.(42 
3.774 
9.(25 
7.391 
4.1)0 
4. 151 
9.9)2 
5.545 
9.24  1 
4.994 
4.(99 
4.449 
4.242 
4.C74 

3. (95 
1.714 
1.991 
1.199 
3.233 
3.123 

1. C07 

2. (93 
2. 791 
2.194 
2.403 
2.913 
2.439 
2.343 
2.293 
2.229 
2.143 
2.109 
2. (93 
2. CO) 
1.934 
(.903 
1.1*4 
1.322 

14.494 


4723.7 

4421.0 
147). 1 
3402.) 
12)0.7 
1IC3.0 

1014.9 

2941.1 

2380.4 

2129.7 
2714.0 
2743.0 

2714.5 

2434.9 

2497.5 
24)1.0 

2410.4 
2990.0 

2970.9 
2991.) 
29)4.3 

2521.4 
25C0.9 

2491. 1 

2430.5 

2443.1 

2454.9 

2445.3 
24)5.1 

2425.1 

2415.7 
240li.) 
2)97.7 
2)39.) 
2)31.1 
2171.) 
2)45.8 

2158.5 
2)91.5 
2)44.7 
21)3.2 
2)31.3 
2)25.4 

2119.7 

2111.9 
2)03.2 

2302.1 

2297.4 

2292.1 

2237.2 
2232.1 

2312.9 


**-|At|i«c  CllANSiev 
C  5)43  -  *612.2  A7/5fC 
{/.••‘.AT  CA  (*1/  I  OAI  OtkVAC  OdVAC 
'  r.m  etc  /A 


.20 
-21.51 
-  72.04 
-••.«4 
-99.40 
-IC6.9T 
-112.79 
-117.49 
-121.42 
-124.77 
-127.69 
-110.24 
-112.54 

-114.64 
-1  14.54 
-113.27 
-119.37 
-141.15 
-142.7) 
-  146.02 
-145.2) 
-144.17 
-147.46 
-148.66 
-149.6) 
-150.  19 
-151.21 
-152.04 
-152.37 
-191.44 
-194.13 
-195.09 
-195.77 
-194,4) 
-157.07 
-197.43 
-183,27 
-193.39 
-159.40 
-199.94 
-1(0.47 
-1(0.93 
-1*1.47 
-141.99 
-1(2.42 
-U2. 37 

-to. It 

-161.74 

-1(4.17 

-U4.93 

-144.96 

-129.38 


).( 

1.1)4 


1)7.7 
25). 2 

273.5 

294.6 

195.6 
111.5 
».*0.0 
325.) 

129.7 

331.4 

336.9 

339.9 

342.5 
)44 ,9 
3*7.1 
3*9.1 

350.9 

352.4 
35*. 2 

355.7 
>97.1 

356.4 

359.4 

340.6 

341.9 
341.0 
14*. 0 
3*4.9 

345.6 

344.7 

347.4 

346.4 

149.1 

149.9 

170.4 

171.1 
172.0 

172.4 
17). > 

173.9 
37*. 5 
175.0 

175.4 

376.1 

374.7 

377.2 

377.7 

376.1 

376.4 

179.1 

131.2 


30.9 

29.4 

26.4 
27.* 
27,0 

24.4 

25.6 

25.3 

24.9 

24.5 

24.1 

21.6 

23.5 

23.2 

22.5 

27.7 

22.4 

22.2 
22.0 
21.3 


21.1 

21.0 

70.6 

20.7 
20.4 

20.4 

20.3 
20.2 
20.1 
20.0 
19.9 

19.3 

19.7 
19.* 

19.5 

19.4 
19.3 
19.2 


.204 

.*25 

.4)2 

.3)6 

l.*5i 

1.2)4 

1. 44) 
1.450 
1.652 
2.057 

2.244 

2.449 
2.474 
2.667 
3.101 
3.314 
3.530 
1.74* 
3.954 

4.145 
4.372 
4.574 
4.774 
6.972 

9.145 
V.)5* 
5.554 
5.776 
5.996 
4.220 
4.441 

4.44) 
4.665 
7.104 
7.324 
7.5*5 
7.74) 
7.960 
6.195 
*.*09 
3.421 
3.631 
9.039 

9.245 
9.669 

9.450 
9.349 


251.* 

'95.9 

>:(.2 

119.4 

326.5 
>27.3 
129.7 
3)0,7 
1)1. I 


251.) 

297.6 

116.9 
123.  1 
129.1 
1)3.) 
1)4.1 
>15.0 
)>6.3 
>60.2 
*60.7 

160.9 


19.2  10.964 
19.1  10.241 
19.0  10.6)3 

26.3  1.925 


331.2  >39.7 


216.  . 
lOk.C 
31*. 6 
1)0.5 
1)3.1 
lx). 9 
'63.4 
1)2.1 

159.2 
>17.3 

149. 1 
142.0 

141.3 

141.3 
144.  7 

147.4 
149.0 
170.0 

170.9 
1  1.3 

112.4 

171.3 
17}, 9 

174.5 
ill.  I 

175.4 
174.  1 

174.5 

175.9 

177.2 
177.4 

177.3 

173.1 

171.3 

173.4 

173.3 
179.0 

179.1 

179.3 

179.4 

379.5 
179,7 

179. 1 

179.9 
>10.0 
130.0 

130.1 
>30.2 

130.2 

130.3 
154.2 


254.6 

301.7 

320.5 

331.9 
1)9.9 
364.0 

150.9 

156.9 

153.1 

141.3 

141.9 
44.) 

143.) 

170.2 
172.0 
3.'). 4 
375.0 

371.6 

371  ,9 
330.0 

361 .1 
362  I 
163.0 
>61.9 

366.1 
165. <1 
164.* 

367.1 

367.9 

366.5 

369.2 

369.9 

390.5 

391.1 

391.4 

392.2 

392.7 

393.1 

391.6 

394.2 

394.7 

395.2 

195.4 

394.1 

394.5 

394.9 
397.) 

397.7 

396.1 

359.5 


555 
5  79 
591 
406 
409 


1.223 
1.4*6 
1.559 
1.415 
1.454 
I  .*64 
(.707 
(.727 
1 .746 
(.753 
1.771 
1.7*2 
1.792 
1.302 
l.tlO 
1.013 
l.•^5 
(.*32 
1.3  3* 
1.044 
l.*49 
1.054 
(.359 
l.**4 
1.3*1 
1.372 
l.tT* 
1.000 
l.*04 
1.007 
1.391 
1.194 
1.197 
1.900 
1.903 
1.90* 
1.90* 
(.911 
1.914 
1.91* 
1.913 
1.921 
1.923 
1.925 
1.927 
1.929 
1.931 
1.933 
1.935 
1.937 
1.*I2  1.749 
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PRESSuaEi  PSIA 

TEMP,  deg  K 
EMhALPy  (-) 

CP 

impll  opt 
Impll  vac 
epsilon 


PMESSURE,  P'lA 
TEMP,  DEG  K 
ENThALPY  (-) 

X  BAR 
N 

CP 

impll  opt 
impll  vac 
PPSILGN 


132.60  e 

fitF 

133.04  e*F2 
27C.OO  e*F3 
114.76  e*H 
66.00  PtH2 
Ifl.OO  PtH3 
19S.30  e? 

124,20  e3*H6*NJ 
10.66  F 
-64.50  P*N 
50.60  F»N 
.00  F2 
52.10  h 
79.20  MtN 
.00  h2 
40.30  ♦■2«.N 
“11.04  K3»N 
113.00  N 
.00  ^2 


PRESSURE  PROFILE  DATA 

SYSTEM  LICUIO  eiPROPELLANT  PC  1000.  PSIA 


COMPONENT 

TREF  FORMULA 

density 

HFAT  FORM 

mT 

CFG  K 

GM/CC 

tXCAL/fOHM.wT. 

) 

196  N2»F4 

1 .50C 

-2.0 

87 

296  B5*h9 

0.620 

♦  7.  74 

1  3 

EULK  density  »  1.266  GM/CC 

MIXTURE  PATIO  *  6.692  LB  OXIDIZER  /  LB  OF  FUEL 

PRESSURE  PROFILE  DATA 
CEAMRER  EKTRCPV  240.97  EU/IOOGMS 

Chamber 


FROZEN  EXPANSION 


ICCO 

390.  1 

156.5 

63. 1C 

25.12 

14.70 

10.00 

3.981 

1 .  585 

.631 

.251 

.  100 

4B5C.9 

3942.9 

3196.9 

2584.3 

2C81.5 

1831.5 

1668.9 

1  330.9 

1054.0 

030.4 

649.6 

505.  1 

.C0 

33.16 

60. OC 

61.74 

99.28 

107.07 

113.59 

124.66 

13). 63 

140. 72 

146.28 

150.61 

.  366  1 

.  3619 

.  3*75 

.  3521 

.3453 

.3410 

.  3376 

.  3292 

.  3201 

.3113 

.  3036 

.2966 

169.63 

228.32 

266.54 

293.  77 

306.22 

31  3.96 

329.21 

340.85 

349,78 

356.63 

561.88 

252.49 

278.23 

3Cl.  IC 

319.0 

327,54 

332.91 

343.62 

351.08 

350.24 

563.12 

366.85 

1.C53 

1.  594 

2.772 

5.038 

7.341 

9.588 

18.31  7 

35.217 

67.869 

o 

eo 

O 

251.778 

Shifting  expansion 

ICCO 

390.1 

I5e,5 

63. IC 

25.12 

14.  70 

10.00 

3.901 

1. 505 

.531 

,251 

.  100 

4050. 9 

4402. C 

4C08. 3 

3646.9 

3292.) 

3063-8 

2937.  7 

2628.6 

2584,9 

2190.1 

2029,1 

1891,5 

.C8 

34.43 

64  «  76 

91.65 

115.46 

128.00 

136.43 

154. 79 

171.00 

185.47 

196.51 

210.36 

4.123 

4. COO 

3.680 

3.791 

3.711 

3.672 

3.645 

3.576 

3.500 

3.421 

)•  345 

3.268 

4.123 

4, coo 

3.688 

3.791 

3.711 

3,672 

3.645 

3.576 

3.500 

3.421 

).)43 

3.266 

1,5045 

1.4773 

1.  3457 

1. 1O0C 

.840 

.7511 

,  7433 

.07CI 

1.0727 

1.2666 

1.4229 

1 ,52TB 

172.87 

23  7.20 

282.24 

316.83 

533,59 

344.41 

366.87 

385.60 

401.59 

415.48 

427.71 

260.92 

294.00 

324.59 

35C.17 

362.94 

371.29 

389.02 

404. 31 

417.72 

429.59 

440.20 

UC70 

1.  747 

3.272 

6.471 

9.736 

13.106 

27.120 

57.559 

124. 6C3 

273.909 

609.144 

CCMPOSITICN  Shlf 

UNO  {M3L/1C0  G 

M) 

.00C5 

.0C02 

.OCOl 

.0000 

.COCO 

.0000 

.0000 

.0000 

.0000 

.0000 

•  OOCO 

.0000 

.7150 

.6996 

.6  6  34 

.  6685 

.6559 

.6474 

.6380 

.  599<» 

.5421 

.4756 

.4062 

.  3372 

.2112 

.1920 

.1602 

.1402 

•  1088 

.0897 

.0767 

.0513 

,0  339 

.0222 

.0144 

•  C091 

.  1C22 

.1371 

.  177} 

.2201 

.2642 

.2919 

.3142 

.  3782 

.4529 

.5310 

.600) 

.6826 

.occo 

.OCOO 

.OCOO 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

•  OOOO 

.0000 

.ccco 

.ocoo 

.OCOC 

.0000 

.coco 

.0000 

.0000 

.0000 

.0000 

•  0000 

•  OOOO 

•  OOOO 

.coco 

.ocoo 

.OCOO 

.oooc 

.coco 

.0000 

,0000 

.0000 

.0000 

•  0000 

•  OOOO 

•  OOOO 

.coco 

.OCOO 

.OCOO 

.0000 

.coco 

•  0000 

.0000 

.0000 

.0000 

•  0000 

•  ooco 

.0000 

.COCO 

.0000 

.OCOO 

.0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.OOOO 

.2000 

.455  3 

.  3245 

.2C09 

.1124 

.0433 

.0199 

.0104 

.0021 

.0004 

.0001 

•  OOOO 

.ObOO 

1.4462 

1.5262 

1.5651 

1.6238 

1.6361 

1.6234 

1.6012 

1.5069 

1. 3765 

1.2)23 

1.0856 

.942‘ 

.OCCO 

.OCOO 

.OCOO 

.COCO 

•  cooo 

.0000 

.0000 

.0000 

.0000 

•  0000 

.OOCO 

•  OOOO 

.OCCC 

.OCOO 

.OCOO 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

•  OOOO 

•  OOOO 

•  OOOO 

.  3010 

.2393 

.1698 

.1502 

.IU9 

.0987 

.0860 

.0590 

.0)92 

•  0258 

.0169 

.0109 

.CCC6 

.0002 

.OCOl 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

•  OOOO 

•  OOOO 

.0000 

•  0517 

.0432 

.0306 

.0390 

.0495 

.0650 

.0025 

•  1431 

.2162 

.2970 

.  3748 

•  4494 

.ooco 

.0000 

.OCOO 

.0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

•  OOOO 

•  OOOO 

•  OOOO 

.OCCO 

.0000 

.OCOO 

.0000 

•  0000 

.0000 

•  0000 

.0000 

.0000 

•  OOOO 

•  OOOO 

.0000 

•  0051 

.0023 

.OCIO 

.0004 

•  0001 

.0000 

.0000 

.0000 

.0000 

•  OOOO 

.0000 

.cooo 

.0335 

.6351 

.8359 

•  0362 

.8364 

.8364 

.8364 

.8)64 

•  8364 

.8)64 

•  8364 

•  8364 

throat 


548.4 

4238.7 

22.42 

.3634 

139.42 

247,79 

l.OOO 


570.5 

4569.5 

21.53 

4.047 

4.047 

1.4970 

136.60 

253.63 

1.000 


.000) 

.7058 

.2001 

.1220 

.0000 

•  ocoo 
.0000 
.0000 

•  0000 
.  3739 

1.4974 

.0000 

.0000 

.2621 

.0004 

.0461 

•  OOOO 

•  0000 
.00)2 
.8)46 
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SVSTfM  IICUIO  •IMa^etLANt 
CQMPOItINT  mc^  r«*flUl* 
OfC  II 

Ift  H2«r« 
iU  •»•*«« 


9Cf9  9  •$!«  TCM»  INfl>At»f 


1.000 

2.000 

3.000 

4.000 

5.000 

4.000 

7.000 

0.000 

4.000 

10.000 

u.ooo 

12.000 

13.000 

14.000 

15.000 

14.000 

17.000 

lo.ooo 

14.000 
20.000 
2  1.000 
22.000 
2  3.000 
24.000 
25.000 
24.000 
27.000 
24.000 
24.000 
10.000 
11.000 
12.000 
13.000 
14.000 
15.000 
14.000 
17.000 
14.000 
14.000 
40.000 
4  1.000 
42.000 
41.000 
44.000 
45.000 
44.000 
4  7.000 
44.000 
44.000 
50.000 
7.14) 


I.OCO  I 
1.424 
10.2C1 
14.1C7 
24.544 
14.417 
50.424 
43.414 
77.144 
41.4  14 
1C4.157 
122.144 
134.442 
114.141 
171.712 
141 .520 
2C4.47} 
227. 4C5 
245.445 
245.244 
216.110 
1C7.414 
124.711 
111.417 

174.514 
147.24? 
420.1 72 

441.1  14 

444. 2  14 
444.101 
512.11* 
515. 1C2 
554.1 77 
510.414 
4C1.577 
424.0(4 
411  .74* 
*74. *7* 
7C5.431 
711.510 
741. 14) 

714.514 
417.444 
•44.410 

175.514 
4C4.415 
4  11.4  71 
441.2(7 

442 .4  14 
1022.5C5 
1012.2  71 

44.044 


ccc  K  4041/10064  6m  OCC 


64/CC 
1.500 

0.420  *7.74 

440I(N  (A44MS10K 
C  5144  •  4354.4  ft/ifC 
C4  041/  1  04t  0fLV4C  DClVlC  I  SC* 


'.04 
-22.42 
-70.34 
-44.34 
-42.45 
-44.05 
-1C3.31 
-1C4.01 
-1C4.71 
-U2.  1) 
114.20 
114.01 


COO  4050.4 
342  4230.7 
C27  24C4.4 
224  2510.1 
402  2244.3 
445  2044.2 
(17  1444.0 

720  1042.1 
442  1777.5 
414  1704.1 
402  1444.7 
174  1540.4 

144  1541.1  -117.41 

404  1500.4  -114.01 

757  1442.4 
221  1427.5 
774  1145.4 
14*  11*4.2 
Cfl  1114.1 
770  1)11.4 
441  1240.2 
244  12*4.2 
Cll  1247.4 
(41  1227.4 
*70  1204.5 
117  1142.1 
)40  1175.* 

25*  1154.4 

145  1145.0 
C44  11)0.7 
552  IU7.t 
4*4  UC4.t 
742  1041.* 

721  1074.7 
*57  10*0.2 
547  1057.1 
51«  104*. 4 
47}  101*.! 

417  1024.2 

)*}  101*.* 

Ill  1007.4 
2*7  5*0.4 

444.7 
441.) 

471.2 

465.2 
457.6 

450.1 

442.1 
4)5.4 
420.4 


.  142 
.  105 
,€71 
.04 
.C07 
.571 
.550 


.*4*  10)1.5 


120. 11 
-121.47 
“122.51 
-123.50 
-124. 14 
-125.2) 
-126.00 
-124.72 
-127.40 
-120.04 
-120.61 
-124.20 
-124.74 
-1*0.25 
-1*0.71 
-1)1.14 
-1*1.6) 
-1 )2.05 
-1)2.45 
-1)2.0) 
-1*1.20 
-1*1.55 
-1  )).40 
-1)4.22 
-I *4.54 
-I *4.05 
-I  )5.  14 
-1*5.4) 
-1*5.70 
-1)5.47 
-1)4.2) 
-1 74.40 
-1*4.72 
-1)4*44 
-1)7.14 
•1)7.41 
-I  *7.4) 
-IC7.07 


.144 
.14) 
.155 
.151 
.  140 
.144 
.)4) 
.142 
.140 
.1)0 
.1)7 
.  1)4 
.  1)5 
.1)4 
.))) 
.))2 
.  ))l 
.  ))0 
.524 
.124 
.124 
.127 
.  )27 
.  )24 
.  125 
.125 
.  124 
.124 
.  )21 
.12) 
.122 
.  122 
.  )21 
.  121 
.  121 
.  )20 
.  120 
.  114 
.114 
.114 
.  110 
.  >14 
.  *14 
.117 
.117 
.117 
.114 
.  114 
.11* 
.11* 
.115 
.341 


134.4 

247.4 
270.0 
204.) 

241.1 

244.7 

104.7 

100.0 

112.2 

115.1 
111.* 
114.0 
>21.7 

121.4 
125.0 
)2«.4 

127.7 

120.4 
>10.0 
>)1.0 
))1.4 
1)2.0 
))).* 
))4.4 
))5.2 
))5.4 
))*.) 
1)7.1 
1)7. T 
DO.) 
))4.4 
))4.) 
D4.4 

140.1 

140.4 
)4|.2 
14  1.6 
)42.0 
>*/.* 
>42.4 
>41.1 
14). » 
14). 0 
)*4.2 
>44.5 
)44.4 
)45.l 
>45.4 
)45.* 

145.4 
>04.2 


100.4 

40.4 
13.0 

20.3 

25.5 

23.4 

21.0 

20.5 

14.5 

10.4 

17.4 
17.2 

14.4 

14.1 

15.7 

15.2 

14.4 

14.5 

14.2 

13.4 

11.6 

1 1.4 

11.1 

12.4 

12.7 

12.5 
12.) 
12.1 
11.4 
11.0 


11.2 

11. 1 
10.4 

10.4 
10.7 
10.6 

10.5 
10.4 
10.) 

10.2 
10.1 
10.0 

4.4 
4.1 
4.  7 
4.6 


/9 

.140 

.411 

.540 

.004 

.441 

1.140 
1.304 
1.54) 
1.701 

1.474 

2.104 
2.  141 
2.54* 
2.  744 

2.440 
).142 
).  )01 
).5*) 
).  745 
>.470 

4.141 
4.405 
4.417 
4.027 
5.0)5 
5.241 
5.444 
5.44) 
5.0)4 
*.0)0 
*.217 
6.400 
6.570 
6.75) 
6.42) 
7.125 
7.  ))7 
7.550 
7.  76) 

7.475 

4.104 

0.400 

(.*12 

4.024 

4.0)4 

4,244 

4.452 

4.440 
4.044 


iVL 

244.4  245.0 

202.7  204.0 

245.0  247.7 

)00.7  104.3 

304.0  )00.* 

>05.4  310.0 

104.2  312.3 

111. I 

111.4 


2*7.5 

210.2 

302.0 

111.2 

116.4 
321.0 

324.2 

324.4 
320.7 

310.3 
1)1.7 
D2,4 
))).* 
1)6.0 
))5,5 
))*.2 
>)4.0 
3)7.) 
))7.7 
))0.  I 

))a.* 

))0.T 
))0.* 
))4. 1 
))4.2 
»4.4 
))4.5 
))4.* 
))4.r 
>14.0 
))4.0 
))4.4 
)>4.4 


2*7.0 

200.4 

30). 0 

312.4 

310.4 
323.0 

324.5 

324.1 
3)1.7 
3)1.7 

335.4 
337.0 
330.) 

134.5 
3*0.4 

341.4 

342.5 
3*3.4 
3*4.1 
3*4.4 
3*5.5 
3*4.2 
3*6.1 

347.1 

347.1 

340.3 
340.0 

344.2 
>44.7 

350. 1 

150.4 
150.0 

351.2 

351.5 
151.0 

152.1 
>52.4 

152.7 
151.0 

351.1 
)5>.5 
351.0 
354.0 

354.2 

354.5 

354.7 
354.4 
355.1 


1.2)4 

1.6)1 

1.643 

1.522 

1.5)0 

1.5*4 

1.544 


304.2  112.4  >25.1  327.5 


1.254 
1.642 
1.5)7 
1.502 
1.412 
1.635 
1.452 
1.444 
1.470 
1.004 
1.447 
1.705 
1.712 
1.710 
1.724 
1.724 
1.733 
I.T37 
1.7*1 
1.745 
1.7*0 
1.752 
1.755 
1.757 
1.740 

1.743 
1.745 

1.747 

1.744 
1.771 
1.77) 
1.775 
1,777 
1.774 
1.700 

1.702 

1.703 
1.705 

1.704 
1.707 
1.704 

1.740 

1.741 

1.742 
1.74* 

1.745 
1.744 

1.747 
1.740 
1.744 

1.544  1.057 


1.000 
2.000 
3.000 
4.000 
5.000 
4.000 
7.000 
0.000 
4.000 
10.000 
u.ooo 
12.000 
13.000 
14.000 
15.000 
14.000 
1 7.000 
10.000 
14.000 
20.000 
21.000 
22.000 
2  3.000 
24.000 
25.000 
24.000 
27.000 
20.000 
24.000 
30.000 
31.000 
32.000 
33.000 
34.000 
35.000 
14.000 
37.000 
10.000 
14.000 
40.000 
41.000 
42.000 
43.000 
44.000 
45.000 
44.000 
4  7.000 
40.000 
44.000 
50.000 
4.7)4 


*C/( 

U9C0 

1.711 

0.147 

14.444 
21.10 
20.4*0 
14  .40 
44.2*0 
12.034 
(1.511 
70.4(4 
74.044 
44.1(0 
50.4(2 
IC4.0I7 
114.414 

1) 0.034 
140.777 
111  .44) 
U2.554 
1 73.551 
1(4.411 

155.424 
2C4.4C0 
217.521 
220.37) 

2) 4.141 
2*4.024 
241.000 
274.2(5 
2(4. 7(5 
244.3*6 
312.01) 
324.01) 
1)7.431 
350.454 
3*3. 3(0 
374. )€0 
304.214 
4C2. U2 
415.029 
427.054 
440.7)2 
453.520 
4(4.21* 

470.424 
451.5)0 
5C4.040 
510.510 
520.077 
541.114 

(0.044 


9  4SU 

ICOC.COO 
C.141 
2.740 
<4. CTO 

4.5) 7 
,107 

7.44* 

2.154 
0.527 
4.247 

4.  140 
2.124 
I  .  150 
0.  103 

5.  140 
0.  371 
7.(50 
7.10) 

4.154 

4.  150 

5.  7*1 
5,417 
5.  112 
4.140 
4.557 
4.  J75 
4.  142 
4. CO) 
).(I5 
3.(44 
).4i7 
3. 340 
).205 
3.C74 
2.542 
2.(5) 
2.752 
2.(57 
2.544 
2.407 
2.404 
2.3)7 
2.244 
2.205 
2.1*5 
2. COO 
2.C34 
1.50* 

1.5) 6 
1.041 
1.040 

16.(44 


4450.5 
*544.1 
)520. I 

1451.4 
11)5.5 
1424.0 
)))0.7 

1251.7 
1101.2 
1121.1 
)070.) 

1022.5 
2500.2 

2541.4 
2504.0 

2075.1 
2044.0 

2015.2 
2754.) 

2771.2 

2745.4 

2725.4 

2710.4 
2*52.4 

2475.7 

2455.1 
2444.’ 
24)0.4 

2414.5 

2404.2 
2542.0 

2500.4 

2544.3 

2550.4 
25*0.4 

2530.4 

2524.1 
2520.0 

2511.2 
2502.0 

2444.4 

2414.7 
2474.1 
2471. T 

2444.5 

2457.4 
2450.0 
2446.) 
2*37.4 
2*31.7 
2*25.7 
3001.0 


-.04 
-21.5) 
-11.47 
-(4.45 
-54,15 
-IC4.5T 
-II). 0) 
-117.57 
-  122. 12 
-125.44 
-129.74 
-1)1.5) 
-1)3.55 
-1*4.2) 
-I  !»,22 
-140.07 
-1*1  77 
-1*3. 3* 
-1**.0I 
-144.10 
-147.44 
-1*0.47 
-144.01 
-110.00 
-151.40 
-152.07 
-111.00 
-154.40 
-195.53 
-114.3) 
-117,11 
-157.05 
-150.57 
-159.24 
-194,42 
-1(0.94 
-1(1.14 
-1(1.74 
-1(2.34 
'1(2.42 
-1(3.44 
-1(3.44 
-1(4.5) 
-149.00 
-1(5.44 
-1(9.4* 
-1(4.42 
-1(4.07 
-1(7.30 
-1(7.73 
-1(9.19 
-120.00 


C7  Cil. 

ON  oco 

1.50* 
1.447 
1.244 
1.14) 
1.022 
.531 
.4(5 
.91  7 
.  704 
.742 


iKlltlNC  Cl»(4SI0<( 
St*4  •  *544.4  (t/S(C 
/  I  0»f  OCkVAC  cciv(€ 


134.4 

245.7 

277.4 

253.4 
309.0 
)1).5 
)2C,2 

325.4 
1)0.4 
D4.4 
DI.2 

341.3 

344.1 

344.7 
345.0 

151.1 
353.0 

354.4 

354.5 

354.1 

355.5 

340.5 

342.2 

343.4 

344.4 

345.7 
>44.7 
3(7,7 
3(0.7 
3(5. ( 

370.5 
371.) 

372.1 

372.5 
17). I 

374.4 

379.1 

379.7 
37*. 4 
377. 0 
377. ( 

379.2 
370.0 

375.3 

375.4 

300.4 

300.4 

301.4 
301.4 
302.* 
))».( 


43.* 

34.2 

34.2 

34.1 
32.5 

31.2 

30.1 

25.1 

20.) 

27.4 

24.5 
24.4 


25,0 

24.4 

24.3 

23.5 

23.4 

23.3 

23.1 

22.0 

22.4 
22.4 

22.2 
22.0 


21.1 

21.0 

20.4 

20.7 

20.4 

20.5 

20.3 
20.2 
20.1 
20.0 
14.9 
14.0 

14.7 

14.4 

14.5 


/» 

.205 

.42) 

.437 

.435 
l.OSC 
1.24) 
1.4)5 
1.4*7 
1.050 
2.052 
2.255 
2.445 
2.447 
2.477 
).04l 
).309 
3.514 
3. 732 
3. 544 
4.155 
4.342 
4.547 
4.745 
4.547 
5.142 
5.35) 
5.54) 
5.757 
5.470 
4.200 
4.422 
4.4*4 
4.044 
7.007 
7.300 
7.520 
7.74? 
7.444 
O.lOl 
4.345 
0.400 
0.014 
4.020 
4.2)5 
4.440 
4.4(2 
4.0*2 


t  IT 
50000 


250.4 
245.* 

311.4 

120.4 
129.0 
124.* 
1)1.4 
1)2.4 
))).* 


251.5 

247.2 
)l*.* 
>2*. 2 
>10.5 
31*. 4 
330.0 
3*0.1 

341.4 

342.4 

343.3 
34).* 


300.0 

315.9 


14.4  10.0*0 

19.4  10.2)5 
14.3  1C. *20 
24.)  1.447 


333.0  3*2.* 


1*5.5 

150.3 
31*. 2 

317.5 
140.2 
3(2.4 
34*. 7 

344.5 

341.1 

345.4 

370.5 
372.0 
37).  I 
174.0 

174.4 

175.7 

174.9 

177.2 
177.0 

170.4 

170.4 

174.5 

174.4 

100.3 

300.7 
311.0 

141.3 

301.4 
101. ■ 
112.0 
102.2 
>02.4 

302.4 
302.0 

302.4 

303.1 

313.2 

313.3 

303.4 

301.9 

313.4 

313.7 

303.7 
303.0 

303.4 

394.9 


1.2)0 
I  .440 
1.914 
1.943 
1.500 
1.404 
1.417 
1.422 
1.425 


347.7 

340.2 

340.7 

345.2 
355.0 
400.0 

400.4 
*00.4 
*01.3 
*01.0 

342.4 


1.222 
1.470 
1.549 
1.42) 
1.44* 
1.449 
1.720 
-.7*0 
1.790 
1.773 
1.707 
1.740 
1.004 
1.014 
1.027 
1.034 
1.0*3 
1.090 
1.094 
1.042 
1.040 
1.073 
1.070 
1.003 
1.000 
1.(42 
1.144 
1.400 
1.40* 
1.407 

1.411 
1.41* 
1.417 
1.420 

1.423 

1.424 
1.424 

1.412 
1.43* 
1.437 
1.434 
1.4*1 
1.44* 
1.444 
1.440 
1.490 
1.492 
1.49* 
1.494 
1.490 

1.424  1.744 


I 
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Pftessuftf  PkOFIlE  DATA 

SYSTEM  LICUID  BIPROPELLANl  PC  1000.  P$|A 


COMPOKEKT 

TREF  FCRPLl.A 

density 

heat  fcrp 

WT.  0/0 

DEG  K 

Gh/CC 

(KCAL/FORM.wT. 

t 

IS8 

1.50C 

-;.o 

9C. 

2‘i0 

0.62C 

♦  7.74 

IC. 

PULK  CENSITY  s  l.3l<.  GM/CC 

MxrufiE  fiATIC  =  o.ooa  lb  oxidi/er  /  lb  cf  fuel 

PRESSURE  PROFILE  DATA 


CPAHPEfl  F\rRePV  ;>i8.07  EU/IOOGMS 


PRESSURE,  PSIA 

C*-Af'B£R 

ICCO  398.1 

15E.5 

6  3.  IC 

FROZEN 
25.  12 

EXPANSION 

14.70  io.no 

3.901 

1 . 585 

.631 

.251 

.  100 

THROAT 

545.2 

TEHP,  oeg  K 

4093.3 

39  70.  1 

321  i.  7 

2594.5 

2CH7.6 

1836.1 

1672. 7 

1333.5 

1056.9 

832.4 

651.6 

5C7.  1 

4264.6 

entealpy  1-1 

.51 

32,24 

5  7.97 

78.76 

9).  53 

103.72 

100.99 

119.75 

120.31 

1  35.07 

140.38 

144.52 

22.15 

CP 

.  3454 

.3418 

.  3  36  1 

.  33  34 

.i2’6 

.  3230 

•  3209 

.  31  34 

.  305  1 

.2971 

.2899 

.2834 

.  3431 

iMPtL  OPT 

166.17 

223.59 

260.93 

267.51 

299.66 

307.21 

322. C« 

333.44 

342.15 

348.83 

353.96 

137.21 

IkPLL  VAC 

247.27 

272.39 

2'>4.68 

312.  16 

320.46 

325.69 

336.  14 

344.20 

350.40 

355.1 7 

358.02 

242.72 

EPSILON 

1.053 

1.591 

2.764 

5.071 

7.314 

9.551 

10.244 

35.004 

67.643 

1 30.454 

251.31  1 

1.000 

PRESSURE,  PSIA 

ICCO 

398.  1 

I5e.5 

6  3.10 

SHIFTING  Expansion 
25.12  14.70  1C. 00 

3.901 

1.585 

.631 

.251 

.  100 

57U9 

TEPP.  DEG  K 

4893.3 

4479.0 

413C,  1 

3829.9 

3566.1 

3425.4 

3329.0 

3110.  3 

2899,  7 

2679,9 

241 3,2 

2124.6 

4633.  1 

entealpy  {-) 

.51 

33.57 

62.93 

E9.21 

I 12.89 

125.62 

134.33 

153.81 

171.55 

187.67 

202.15 

214,87 

21.05 

X  BAR 

3.926 

3.793 

3.669 

3.554 

3.440 

3.  391 

3.351 

3.264 

3.  187 

3.123 

3.083 

3.055 

3.644 

N 

3.926 

3.793 

3.669 

3.554 

3.448 

3.391 

3.351 

3.264 

3.  18  7 

3.123 

3.083 

3.055 

3.644 

CP 

1.8695 

2.0696 

2.2C22 

2.2492 

2.1882 

2. 1029 

2.0197 

1.7390 

1.3486 

.0767 

.4998 

.5479 

1,9962 

IPPLL  OPT 

169.60 

233.04 

277.90 

312.66 

329.91 

341.20 

365.20 

385. 74 

403.51 

416.83 

431.64 

133.68 

IPPLi.  VAC 

256.20 

289.25 

320.15 

346.67 

360. 35 

369.47 

389.23 

406.45 

421.44 

4  34,19 

444.04 

248.87 

EPSILON 

I.C8C 

1.761 

3.333 

6.720 

10.202 

14.035 

29.971 

64.800 

14U125 

303.527 

645.050 

1.000 

132.60  P 

.CCC2 

.0001 

,CCOO 

CCPPOSiriCN  SHIFTING  IHOL/lOO  GM ) 

.0000  .COCO  .0000  .0000  .0000 

.0000 

.0000 

.0000 

.0000 

.0001 

-45.47  e*F 

.4024 

.  3673 

.  3  324 

.2985 

.2660 

.2470 

.2351 

.2063 

.1802 

.1591 

•  1466 

.1302 

.3611 

133.84  e*F2 

.2124 

.  109P 

.1643 

.  1  380 

.1129 

.0992 

.0899 

.0695 

.0517 

.0361 

.0219 

.0109 

.1992 

•2  70.00  e»F3 

.  1766 

.2343 

.2948 

.3550 

.4126 

.4445 

.4665 

.5157 

.5596 

.5963 

.6229 

.6504 

.2110 

114.76  E*H 

•  COCO 

.0000 

.ocoo 

.COCO 

.COCO 

.0000 

.0000 

.0000 

.0000 

.0000 

•  0000 

•  OOOO 

.0000 

66.00  e«H2 

.OCCO 

.0000 

.0000 

.0000 

.OOCO 

.0000 

.0000 

.OOCO 

.0000 

.0000 

.OOCO 

•  0000 

.0000 

18.00  e*H3 

.OCCO 

.0000 

.ocoo 

.0000 

.COCO 

.0000 

•  0000 

.0000 

.0000 

.0000 

•  0000 

.0000 

.OOOO 

179.30  62 

•  COCO 

.0000 

.ocoo 

.oooc 

.COCO 

.0000 

.0000 

,0000 

.OOCO 

.0000 

.0000 

.0000 

.0000 

•124.20  P3*Ht*N3 

.OOCO 

,0000 

.ocoo 

.OCCO 

.COCO 

.0000 

.0000 

,0000 

.0000 

.0000 

.0000 

.0000 

.0000 

18.86  F 

•  8544 

.7184 

.5923 

.4761 

.  3696 

.3119 

.2724 

.1047 

.1075 

.0447 

.0077 

.0005 

.7707 

-64.50  F#H 

1.24S4 

1.2926 

1.32  32 

1. 3454 

1.3618 

1. 3695 

1.374  3 

1.3839 

1.3912 

1 .3961 

1.3941 

1.3573 

1.2774 

58.60  F*N 

.CCCl 

•  0000 

.OCOO 

.0000 

.COCO 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.00  F2 

.CCCl 

.0001 

.ocoo 

.0000 

.COCO 

.0000 

.  cnoo 

.OOCO 

.0000 

.0000 

.0000 

.0000 

.0001 

52.10  h 

.  15C5 

.1150 

.0694 

.0704 

.0561 

•  0493 

.0450 

.0362 

.0291 

.0232 

•  0180 

•  0126 

.1276 

79.20  P-N 

.CCC3 

.0001 

.OCOl 

.0000 

.OOCO 

•  0000 

•  OOOO 

.0000 

.0000 

.0000 

•  OOCO 

•  OOOO 

.0002 

.00  h2 

•  0122 

.0085 

.0C60 

.0044 

.C034 

.0029 

.002  7 

.0023 

.0022 

.0027 

•  0063 

.0274 

.0097 

40.30  I-2»N 

.  0000 

.0000 

.OCOO 

.0000 

.OOCO 

•  0000 

.0000 

.OCCO 

.0000 

.0000 

•  0000 

.0000 

.0000 

-11.04  F3*N 

•  0000 

.0000 

•  OCOO 

.OOOC 

•  0000 

•  0000 

•  0000 

.OOno 

.0000 

.0000 

•  0000 

.0000 

•  OOOO 

113.00  N 

•  0057 

.0029 

.0C15 

.0008 

.C0C4 

•  0003 

•  0002 

.0001 

.0000 

.0000 

.0000 

.0000 

.0036 

.00  N2 

•  8622 

.8637 

.8645 

.8649 

•  8650 

•  8651 

•  0652 

.8652 

.6652 

.8652 

.0653 

.8653 

.8632 

116* 


l.OOO 
2.000 
).000 
4.000 
).000 
6.000 
2.000 
it.OOO 
9.000 
10.000 
11.000 
12.000 
11.000 
16.000 
11.000 
16.000 
1 2.000 
16.000 
19.000 
20.000 
21.000 
22.000 
21.000 
26.000 
21.000 
26.000 
22.000 
26.000 
29.000 
10.000 
11.000 
12.000 
11.000 
16.000 
11.000 
16.000 
12.000 
16.000 
19.000 
60.000 
61.000 
62.000 
61.000 
66.000 
61.000 
66.000 
6T.OOO 
66.000 
69.00ft 
10.000 
2.116 


PC/6 

I  .OCO 
1  .6  26 
10.267 
18.111 
26.720 
19.069 
11.190 
61.967 
27.171 
91.916 
1C6.9<6 
121.011 
139.796 
117. 0«1 
U6.7C6 
192.199 
210.631 
226.2  11 
266.291 
266.610 
266.011 
3C9.662 
131.660 
116.069 
SI6.691 
199.166 
622.168 
661.662 
666. 7S1 
691.931 
111.060 
136.021 
Itl.OCI 
16  3.626 
6C6,1 11 
629.020 
611.612 
662.662 
2C9.6<  1 
232,12# 
7tl.l96 
293.696 
822.611 
611.266 
660.211 
9C9.61 2 
9  39  .6  36 
9<6.3<) 
996.026 
1022. 8C1 
>012.6  21 
t6.066 


P  Pl|6 

ICOO.COO 
161.216 
97.190 
16.971 
16.619 
21.161 
39.111 
11.618 
32.693 
IC.IT9 
9. 169 
6.127 
7.11* 
6. 167 
1.  226 

1.  192 
6.768 
6.372 
6.C12 
3.767 
3.672 
1.229 
3.C11 
2.126 
2.691 
2.101 
2.361 
2.266 
2.131 

2. C1J 
>.962 
1.616 
1.  26  3 
1.231 
>.t69 
>.190 
3.126 
3.661 
>.609 
1.316 
>.  306 
>.260 
>.2>6 
>.121 
>.136 
1.100 
I.C61 
>.035 
>.(02 

.973 
.961 
>6. 646 


1V1I6P  i.Uu30  ftiPItOPtllANt 
COMPOhfNt  IftIF  F08NULA 
D(C  K 

198  N26P6 
298  B16M9 

P80ICN 
C  Sf68 

IfMP  IKIt-AlPV  CP  C6l/ 
etc  K  KCPI/IOOCN  CM  etc 
6891.1  -.11  .161 

6266.8  -22.11  .16) 

-67.96  .1)6 

>63.16  .))) 

-69.16  .310 

-91.19  .128 

-99.61  .126 

-IC2.81  .126 

-)C1.16  .121 

-1C7.86  .122 

-IC9.86  .120 

-111.17  .119 

-113.09  .118 

-116.66  .117 

-111.66  .117 

-116.77  .116 

-117.78  .111 

-118.70  .316 

-119.11 
-120.31 
-123.06 
-121.77 
-122.62 
-123.02 
-123.19 
-126.33 
-126.66 
-121.33 
-321.19 
-126.02 
-126.66 

-  326.66 
-127.22 
-122.19 
-127.96 
-128.26 
-128.60 
-126.92 
-329.22 
-129.11 
-129.79 
-1  >0.06 

-  I  >0.33 
-I  >0.16 
-l>y.6) 

1 31.07 


PC  1000.  PSI8 

OENSIfV  HEAf  FORM 

(*H/CC  (KCAL/FOaM.sT, 

l.lOO  -2.0 

0.420  *7.76 

EXPANSION 
■  6221.8  Ft/9EC 
OPt  OCiVAC  CElVAC  1  SEA  I  AT 
/P  IVL  10000 


2937.6 

2117.1 

2269.2 

2097.9 

1967.7 
1866.6 

1779.6 
17(7.8 
1666, 1 

1192.2 

1166.6 

1101.8 

1663.1 
1626. 6 

1396.6 
3  367.0 
1)39.8 
1  lU.l 

1290.9 
1266.8 

1268. 1 

1226.6 
1210.2 

3392.8 

3176.3 

3360.6 

3161.6 
31)3.6 

3317.8 

1106.8 

1092. 3 

ioao.6 

>068.9 

1017.8 
1067.2 

1036.9 
1027.0 

1017.6 
tOC6.  I 

999.2 

990.1 

912.1 
976.0 
966.0 

916.6 
910.9 
9*3.  7 

936.6 

929.6 
1636.1 


-1*1.30 
-1>1.12 
-I  >1.76 
-1*1.91 
-1>2.16 
-103.72 


.  11) 
-  312 
.  312 
.  331 
.  310 
.  110 
.  309 
.  306 
.  108 
.  108 
.  108 
.  307 
.  307 
.  3C6 
.)C6 
.  301 
.  3C1 
.  101 
.  106 
.  106 
.  306 
.  10  3 
.30) 
.  3C3 
.  )C3 
.302 
.102 
.  302 
.101 
.301 
.  301 
.)0> 
.  326 


117., 
242.' 

241., 
278. < 
287.1 
29). < 
298. 
102. 
iOS. 
108. 
110. 
111. 
316. 
314. 
118. 
119. 
)2C. 
121. 
122. 
12). 
126. 
121. 
124. 
127. 
328. 
328. 
129. 
129. 
3)C. 

331. 
111. 
132. 

332. 
3)1. 
)1). 
)t). 
3)6. 


31S.> 
)31.< 
3)1.: 
3)6.1 
114. < 
1)6. 
3)7. ( 
317.: 
3)7.1 
3)7. < 
3)8.; 
338. > 
299. 


IOS.9 

19.9 

>2.2 

27.8 

26.8 
22.8 
21.2 
20.0 
19.0 
18.1 

17.6 

14.7 

14.2 

15. 7 

15. 2 

16.8 
16.1 
16.1 

13.8 
1  3.1 

13.1 

1  1.0 

12.8 
12.6 
12.) 

12.1 
12.0 
11.8 
11.6 
11.1 
11.) 
11.2 
U.O 
10.9 
10.8 
10.6 
10. 1 


9.6 
9.6 
9.1 
9.6 
9.  1 
20.8 


.196 

.609 

.181 

.79) 

.970 

1.161 

t.116 

1.110 

1.76) 

1.918 

2.1) 9 
2.161 
2.16/ 
2.761 
2.9)1 
1.121 
1.109 
1.688 
1.688 
3.896 
6.101 
6.116 
6.122 
6.  727 
6.91) 

1.1) 2 
1.1)0 
1.121 
1.716 
1.90) 
6.086 
6.266 
6.6)9 
6.609 
6.  771 
6.979 
7.186 
7.191 
7.603 
7.811 

8.019 

6.227 

8.631 

6.662 

6.666 

9.013 

9.217 

9.660 

9.661 

9.662 
1.611 


2)9.9 

274.1 

286.8 

296.6 

297.  6 

299.6 


260.7 

278.4 

291.6 

297.9 

101.9 
)06.2 

101.4 

304.6 
>04.7 


I  AT 
10000 

2*2.4 

282.3 

294.6 

106.7 

310.2 

116.2 
317.2 

319.4 

321.4 
32). 2 

326.4 

121.7 
326.  7 

127.1 
328.) 

328.9 

329.1 
330.0 
3)0.6 
3)0.8 

331.1 
331.) 

331.1 

331.7 

331.9 
3)2.0 
3)2.3 
>32.2 
3)2. 1 
332.6 

332.1 
3)2.1 
332.1 


262.7 

282.8 

297.6 
)0*.0 
>31.8 

136.2 
>19.1 
>22. > 
>26.4 
126.1 
>28.2 
>29.7 
lli.O 

112.2 
»).) 
»6.2 

111. 1 
3)1.9 
))6.T 
1)7.6 
116.  I 
1)8.7 

139.2 
1)9.8 
>60.) 

360.1 

161.2 
>61.7 
362.1 

362.1 
>62.6 
>63.2 
)*).l 
)63.9 

166.2 
>66.1 
36*. 6 
361.0 
36l.  3 

361.6 
361.6 
366.  > 
)66.  3 
366.1 
366.  t 
>67.0 


367.6 

367.6 


299.7  >11.9  316.0  320.1 


3.260  3.256 

1.6)3  1.642 

1.692  1.5)7 
1.523  I.5B3 

3.5)8  3.431 

1.561  1.4)6 

3.168  1.453 
3.444 
3.477 
3.487 
1.494 
1.706 
1.711 
3.737 
3.722 
1.727 

1.7) 2 

1.7) 4 
1.760 

1.766 

1.767 
1.750 
1.75) 
1.754 
1.759 

1.783 
3.74) 
3.744 
1.748 

1.7  70 

3.7  72 

1.7  76 
1.771 
1.777 

3.7  79 

1.780 
1.782 

1.78) 

1.781 

1.784 

1.787 

1.788 

1.790 
1.793 
3.792 

1.79) 

1.796 

1.791 

3.796 

3.797 

3.169  1.456 


l.OOO 
2.000 
3.000 
6.000 
1.000 
6.000 
7.000 
8.000 
9.000 
10.000 
1 1.000 
12.000 
13.000 
I*. 000 
11.000 
16.000 
17.000 
18.000 
19.000 
20.000 
21.000 
22.000 
2). 000 
26.000 
21.000 
24.000 
27.000 
28.000 
29.000 
30.000 
11.000 
32.000 
)).000 
36.000 
>1.000 
34.000 
37.000 
38.000 
>9.000 
60.000 
61.009 
62.000 
61.000 
66.000 
65.000 
64.000 
67,000 
69.000 
69.000 
10.000 
10.282 


PC/3 

l.OCO 
1.766 
8.010 
16.666 
20.6*0 
J7.9‘* 
]*.9fC) 
*1  .91* 
*9.8«1 
17.8(7 
<1.7(1 
7*. 07) 
(2.16) 
91.119 
99.7C0 
1(8.722 
117.926 
127.271 
136.736 
164.2(6 
111.899 
ltl.l!2 
I  71.226 
1(6.896 
196.110 
2C6.I72 
213.7*9 
223.212 
212.73) 
262.128 
2«1.69> 
2<2.1t6 
272.929 
28). 77) 
296.490 
)C5.47l 
)16.7C6 
)27.7(9 
>18.91) 
>10. 06) 
3(1. 238 
>72.629 
>0.421 
>96.828 
6C4.02) 
617.2(4 
628.372 
639.511 
610.630 
6(1.713 
672.718 
(8.064 


P  P31A 

HOC. COO 
171.(8* 
126.01 
69.  1  >9 
*(.**4 
31.77* 
2(.188 
23.0  3 
20.C16 
17,294 
11.201 
13.100 
12.  112 
10.971 
IC.OO 
4.  199 
9, *90 
7.07 
7,313 
6.936 
6.616 
6. (60 
1.707 

1. *09 
1.160 
6.(99 
6.(79 
6.679 
6.297 
6.1)0 
3.976 

3.916 
3.666 
>.926 
>.)9) 
3.271 
3.117 
3.C1I 
2.911 

2.917 
2.7*9 
2.681 

2. (07 
2.93) 
2.66) 
2.197 
2.3)6 
2.279 
2.219 
2.146 
2.315 

16,694 


3(MP 
CEO  ■ 

6893.: 
*633. I 
6019. 3 

3871.8 

3711.9 
3671.0 
36C1,* 
3112.0 

3106.9 

3668.2 
363*. 3 
)6C«.l 

3376.9 
3312.) 

3329.9 
3109.0 
32<19.9 

3271 .9 

3211.3 

3239.6 

3226.1 

3210.1 

3197.2 

3116.1 

1172.1 
1161.0 

1169.9 

3139.6 

1129.2 

1119.6 
1110.0 
1101 .0 

1092.2 

1011.9 

1071.6 

1067.6 

1019.9 

1092.1 

1069.2 
1018.1 
10)1.2 

1026.5 

1017.9 

1011.5 

1005.1 

2999.2 
299). 2 

2987.6 

2981.7 
2976.1 

2470.8 
1629.6 


(6t**I.PT 
■  CAI./100CP 
-.11 
-21.01 
-(9,02 
-(1.67 
-91.81 
-ICI.62 
-1(9.3* 
-116.1* 
-118.26 
-121.71 
-126.92 
-127,11 
-130.00 
-I  32.2) 
-136.26 

-1*6.13 
-1 37.86 
-1*9.63 
-360.99 
-162,34 
-163,71 
-366.46 
-366.11 
-167.23 
-169. 16 
-164.36 
-310.33 
-151.24 
-192.11 
-113.01 
-191.93 
-196.83 
-191,39 
-196.3) 
-394.96 
-397,9) 
-398.20 
-398.9* 
-359.67 
-1(0.07 
-3(0.68 
-3(1.26 
-3(1.80 
-182.36 
-3(2.87 
-1(1. )8 
-10.88 
-1(6. )7 
-1(6.85 
-389. )2 
-1(5,77 
-325.62 


Cl*  CAl; 
C"  C(C 

1.969 

1.446 


2.182 
2.197 
2.1)3 
2.110 
2.086 
2.066 
2.062 
2.020 
l.l** 
1.934 
1.419 
I  .939 
1.920 

1.902 
1.886 
1.866 
1.864 
1.8)2 
1.818 
1.800 
1.786 
3.768 
3.713 
1.734 
1.726 
1.7)0 
1.448 
3.882 
3.488 
1.411 
1.862 
1.629 
1.618 
3.406 
1.592 
1.180 
1 .1*8 
1.918 
1.965 
3.516 
1.52) 
1.512 

1.903 


I  OPT  OtLVAC  CdVAC 

/P 

.201 
.61* 
.610 
.819 
3.03) 
1.226 
1.612 
1.417 

1.819 
2.016 

2.217 
2.62J 
2.422 

2.820 
3.027 
3.2)4 
>,**9 
3.691 
3.861 
6.071 
6.2Si 
6.687 
6.690 
6.892 
1.090 
1.286 
1.680 
1.870 
1.817 
8.06) 

8.218 
6.67) 
6.689 
6.901 
7.122 
7,338 
7.956 
7.789 
7.986 
8.199 
8.632 
8.825 
8.8)7 
9.067 
9.298 
9.686 
9.471 
9.874 


3  33.7 
2*6.6 

272.2 
288.0 

299.3 
307.  7 
31*. 6 
320.0 
>26.8 
328.9 
332.6 

339.8 
>>8.1 
1*3.1 
1*1.1 
1*1.7 
1*7.7 
)*9.8 
313.) 
>1).0 
)l*.l 
118.0 
117.) 

318.8 
>19.9 
>83.0 
182.2 
161.2 
>8*. 2 
>41. .> 
>48.2 

167.3 

147.9 
>48.8 
>49.8 
>70.* 
171.1 
>73.9 

172.8 
>71. > 
>7). 9 

174.8 
>79.2 
>79.8 
>78.4 
)77.0 
>77.8 
>78.1 
)78.7 
)79.2 
)29.9 


319.2 

93.7 
*3.1 

39.7 

34.9 

31.3 

33.4 
>2.* 

31.1 

30.4 

29.9 

29.3 

28.8 

28.3 

27.8 
27.* 

27.3 

28.7 
2*.« 

24.3 

21.9 

21.4 
21.* 

21.1 

2*. 9 

26.7 
2*.l 
2*.* 

2*. 2 
2*.0 
2>.9 
2). 7 

21.8 
29.* 

2>.) 

29.2 
2).0 

22.9 

22.8 

22.7 

22.8 

22.9 

22.4 
22.) 

22.2 
22.1 
22.0 

23.9 
21.8  10.079 
21.7  10.280 
)0.4  2.073 


2*9.9 
290.2 
>06.9 
>19.6 
>21.1 
32*. 6 
327.) 
328.7 
329.5 
>29.9 


2*6.8 

292. 1 

309.3 

319.3 
>29.6 
3)0.2 
>>>.6 
>>1.9 
3)7.8 
>>8.8 
>>9.8 
3*0.1 
)*0.* 


329.9  ))9.1 


2*8.9  2*6.9 

299.4  296.) 

31*. 7  319.7 

326.)  327.7 

33*. 9  336.2 

360.7  >62.6 

369.7  366.1 

364.7  >92.9 

393.1  >96.2 

394.1  399.9 

>96.4  362.6 

360.8  369.0 

362.8  >67.) 

366.6  369.* 

366.2  )7l.) 

367.4  37}, i 

368.9  376.8 

370.3  >76.) 

373.2  377.8 

372.2  379.1 

373.)  >80.6 

>73.9  381.6 

376.7  362.7 

379.*  363.6 

>78.3  366.1 

378.7  369. • 

377.)  368.7 

377.9  317.8 

378.6  388.6 

378.9  389.) 

379.4  390.0 

379.8  390.8 

>80.3  391.9 

>80.4  392.2 

380.8  392.9 

383.0  39).* 

381.)  396.2 

183.*  396.8 

381.8  399,6 

382.0  398.0 

>82.2  198.9 

382.6  197.1 

>82.5  197.8 

182.7  198.3 

362.8  196.8 

>8).0  199.3 

II). 3  199.8 

18). 2  600.0 
ID.)  600.) 
)8).6  600.9 

198.8  180.) 


CF  SE6  CF  VAC 
IVL 

3.218 
3.661 
3.922 
1.987 
1.996 
3.632 
1.829 
1.812 
1.818 
1.811 


3.221 

3.671 

1.981 
1.827 
3.889 
1.702 
3.728 
I  .  790 
3.789 
3.789 
3.799 
3.812 
1.826 

3.8) 6 
1  .866 
1.89) 
3.883 

3.881 
3.878 

3.882 
3.889 

3.899 

3.900 
3.909 
3.933 

3.919 

3.920 
3.926 
3.929 

1.9) ) 

1.9) 7 
3.960 

3.966 

1.967 

1.9) 1 

3.996 

3.997 
1.9*0 
3.98) 
3.986 
3  .989 
3.972 

3.976 

3.977 
3.979 

3.982 
3.986 

1.988 

3.988 
1.993 
3.789 


PWESSURE,  PS1« 

PRESSURE  PROFILE  DATA 

SYSTEM  LKUID  H  I  PR  OPE  L  L  ANT  PC  300.  PSIA 

COMPONENT  TREE  FORMULA  DENSITY  HEAT  FCRM  MT 

DEC  K  GM/CC  IKCAL/FORM.wT. ) 

ISe  N2*F4  1.50C  -2.0  8C 

298  GS»h9  0.620  ♦T.TA  2C 

euLK  CENSITV  »  1.168  GM/CC 

MIXTURE  RATIO  »  4.000  Lft  OXIDIZER  /  LB  OF  FUEL 

PRESSURE  PROFILE  DATA 

ChAMHER  ENIROPy  290.66  fU/lOOGMS 

Chamber 

FROZEN  EXPANSION 

3CO.O  125.7  52,66  22.06  14.70  9.244  3.073  1.623  .680 

.  0/0 

.285 

.  1 19 

.050 

THROAT 

163.3 

TFHP,  OEG  K 

4002.2 

3280. 3 

268C.6 

2182.7  1980.2 

1 769.8 

1427.7 

1  145.2 

913. D 

723.5 

569.9 

446.4 

3483.9 

EMHAIP>  (-) 

-.91 

28.80 

53,12 

72.96  8C.91 

89.08 

102. 12 

112,61 

121.00 

127.68 

1 32.95 

1 37.09 

20.47 

CP 

.4145 

.  4Crt5 

.4C20 

.3946  .3907 

•  3858 

.  3760 

.  3663 

.  3565 

.  34  74 

.  3390 

.  3320 

.4104 

If'PLl  OPT 

160.78 

216.60 

25  3. 5C  266.80 

279.80 

299,39 

314,26 

325,6  7 

334.46 

341.25 

346,49 

1)6.38 

IKPLL  VAC 

244.23 

267.41 

286. 74  297.17 

305.69 

318.91 

329,18 

337.15 

343. 32 

348. C9 

351.77 

240.93 

EPSILON 

1.038 

1.501 

2.495  3.229 

4,  375 

7,072 

14.358 

26,365 

48,554 

89.472 

164.742 

l.OOO 

PRESSURE,  PSIA 

3C0.0 

125.7 

52.66 

Shifting  expansion 

22. C6  14.70  9.244  3.873 

1,623 

,680 

.285 

.  1  19 

.050 

17C.0 

T6HP,  DEG  K 

40C2.2 

356C.0 

3172,8 

2841,9  27C7.8 

2569.6 

2347.2 

2161.1 

2000.7 

1856.9 

1722.6 

1589,2 

3708.0 

enthalpy  (-J 

-.91 

29.67 

56.31 

79.60  99.50 

100.12 

113.36 

134,71 

149.49 

162.91 

175.12 

186.23 

19.53 

X  BAP 

4.734 

4.6)1 

4,5  35 

4,440  4.395 

4.  344 

4.248 

4. 155 

4.067 

3.985 

3.912 

3.850 

4.666 

N 

4.734 

4.631 

4.535 

4.44C  4.395 

4. 344 

4.248 

4.155 

4.06  7 

3.985 

3.912 

3.850 

4.666 

CP 

1 .CC52 

.95  38 

.9468 

1.0162  I.C771 

1.1561 

1.3067 

1.4139 

1.4454 

1.3849 

1.2235 

.9698 

.9682 

IHPLL  OPT 

163.11 

22  3. U 

264,66  28C.45 

296.47 

322.1 1 

343.49 

361.72 

377.51 

391.33 

403.49 

133. 36 

IHPLL  VAC 

250.51 

278.86 

3C5,88  317.14 

329.02 

348.88 

366. C9 

381.1  7 

394.46 

406.22 

416.60 

245.52 

EPSILON 

I.C54 

1.605 

2.832  3.784 

5.337 

10.474 

21.111 

43,355 

90.183 

189.088 

397,404 

l.COO 

1J2.60  e 

•  CCC6 

.0002 

.OCOO 

COMPOSITION  SHIFTING  IMOL/lOO  OM ) 

.0000  .COCO  .0000  .0000  .OOCO 

.0000 

.0000 

.0000 

.0000 

.0003 

e*F 

L.4510 

1.4509 

1.4349 

1.3968  1.3714 

1 .3375 

1.2648 

1.1668 

1.  1087 

1.0340 

•  9654 

.9063 

1.4524 

-l33-8<.  P»F2 

.  1010 

.0868 

.0  745 

.0624  .0566 

.0498 

.0377 

.0273 

.0189 

,0125 

.0079 

.0045 

.0914 

-270.00  E»F3 

•  03C4 

.0451 

.0736 

.1237  .1550 

.  1956 

.2805 

.  3689 

.4554 

,5364 

.6097 

.6722 

.0389 

U<i.76  P»ri 

•  CCCO 

.0000 

.OCOO 

,0000  .coco 

.0000 

.0000 

.  0000 

.0000 

•  0000 

.0000 

.0000 

.0000 

b6 .00  E*H2 

.OOCO 

.0000 

.OCOO 

.0000  .0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

18.00  e»M3 

.OCCO 

.OCOO 

.OCOO 

•cooc  .coco 

.0000 

.0000 

.  OOCO 

.0000 

.0000 

•  OOCO 

.0000 

.0000 

H9.30  62 

.OOCO 

.0000 

.OCOO 

.0000  .coco 

.0000 

.0000 

.OOCO 

.0000 

.0000 

•  0000 

.0000 

.0000 

•124.20  83«HC«N} 

.CCCO 

.0000 

.OCOO 

.0000  .coco 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

18.86  f 

.C372 

.0137 

.0C42 

.0011  .0006 

•  0003 

.0001 

.0000 

.0000 

.0000 

.0000 

.0000 

.0197 

-64. SO  P*H 

1.2952 

1 .3030 

1.2677 

1.1825  1.1263 

1.0521 

.8947 

.  7203 

.5638 

.4061 

.2663 

.1446 

1.3049 

b8.60  F*N 

.OOCO 

•  OCOO 

.OCOO 

.0000  .coco 

•  0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.OCOO 

.00  F2 

.CCCO 

.0000 

.OCOO 

.0000  .coco 

.0000 

.0000 

.OOCO 

.0000 

.0000 

.0000 

.0000 

.0000 

S2.10  h 

.  5447 

.  3784 

.2  39', 

.1415  .1097 

.0821 

.0480 

•  0281 

.0162 

.0090 

.0045 

.0019 

.4340 

79.20  H*N 

.C0C3 

•  OCOl 

•  OCOO 

.0000  .0000 

.0000 

•  0000 

.0000 

.0000 

.0000 

•  oooo 

.0000 

.0002 

.00  h2 

.5045 

.5839 

.6711 

.7627  .8067 

.8576 

.9533 

1.0464 

1.1347 

1.2162 

1.2693 

1.3515 

.5551 

40.30  H2*N 

•  OCCO 

•  0000 

.OCOO 

.0000  .coco 

.0000 

.0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

.0000 

-11.04  H3»N 

.OOCO 

•  0000 

•  OCOO 

.0000  .0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

U3.00  N 

.00C7 

.0002 

.OCOO 

•0000  .OOCO 

•  0000 

.0000 

.0000 

.0000 

.0000 

•  0000 

.0000 

.0003 

.00  N2 

.  7686 

.  7690 

.7691 

.7691  .7691 

.7691 

.7691 

.  7691 

.7691 

.7691 

.7691 

.7691 

.7689 

118' 


■r.  s/0 
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SV^TCf  LKUIO  a(»KS»ELl.*l«l 
(.OHPOItIhl  TKEf  FSKHOL* 
DEC  ■ 

t4»  N2*F4 

2««  B9»K« 


PC/f  P  PSU  TEMP  ENTPALPf 


1.000 

2.000 

3.000 

4.000 

9.000 

B.OOO 

1.000 

S.OOO 

9.000 

0.000 

1.000 

2.000 

3.000 

4.000 

9.000 

4.000 

7.000 

4.000 

9.000 

0.000 

1.000 

2.000 

3.000 

4.000 

9.000 

4.000 

7.000 

8.000 

9.000 

0.000 

1.000 

2.000 

3.000 

4.000 

9.000 

4.000 

7.000 

8.000 

9.000 

0.000 

1.000 

2.000 

3.000 

4.000 

9.000 

4.000 

7.000 

8.000 

9.000 

0.000 

1.224 


1  .oco 

1.837 
10.111 
18.2S4 
24.4C7 
99.9C2 
97.448 
C9.8)6 
79,192 
99.049 
1 II  .4C7 
128.189 
149.148 
182.092 
178. 9e4 
197.449 
2  17.929 
218.140 
299.191 
280.9(2 
3C2.219 
324.021 
149.412 
J87.831 

384.729 

411.912 

431.142 
497.184 
482.622 
9C8.4I9 
934.7)7 

981.142 
9(8.289 
619.411 
642.424 
410.990 
698. 4>8 
724.437 
794,9*4 
782. 7«4 
8  1 1 .0*0 
8  >4.118 
887.731 
894.091 
924.448 
492.719 
9(1.099 

I0C9.1I0 
1037.4(4 
1087.420 
I  1<0.1C2 
20.414 


100. COO 
141.  327 
29.849 
14.439 
10.941 

7.918 
9.881 
4.994 
1.  779 

1.  194 
2.843 
2.340 

2. C47 
1.(91 
1.877 

1.919 
1  .  379 
1.240 
1.197 
1.C49 

.941 
.924 
.(61 
.(14 
.  110 
.  129 
.492 
.894 
.822 
.940 
.961 
.9  34 
.910 
.481 
.441 
.441 
.4  30 
.41) 
.  148 
.31) 
.  310 
.  391 
.  )46 
,  3)9 
.  329 
.319 


CEC  K  RC41/100CP  CM  CCC 


100.  PSU 

DEMSIlV  ME47  F9«M 

CM/CC  |KC4i/F8aN.MT . 

1.900  >2.0 

0.620  *7.74 

F48(E4  ElP4NSiah 
C  9148  •  4178.8  Pf/CEC 
CP  CAL/  I  OPT  OflVAC  OELVAC  I  SEA  I  47 


4002.2 

1481.4 

2170.9 

2019.1 
1829.0 
1489.0 

1974.1 

1690. 1 

1619.1 

1194.6 
1*07.9 
1241.0 
1221.  1 

1187.8 

1199.9 

1124.8 

1100.2 

1079. 7 

1091.1 

1012.1 

1012.9 

996.1 

977.1 
961.0 

969.8 

911.6 

417.8 

904.9 

892.9 

880.8 

869.9 

898.8 

868.9 
8  38.  7 

824.2 
820.1 

811.3 
ac2.4 

746.8 
78  9.4 
7  74.1 
772.0 

766.9 
798.1 

791.6 

766.4 
7  38.7 

712.6 

726.7 

720.9 
719.3 

1980.2 


.91 
-20.67 
-(9.91 
-78.79 
-84. 79 
-92.16 
-94.90 
-99.77 
-IC2.66 
-tC6.48 
-IC4.60 
-1C8.27 
-IC9. 76 
-III. 09 
-I  12.22 
-111.29 
-116.26 
-I  IS.  19 
-119.97 
-U4.71 
-117.64 
-118.09 
-114.71 
-119.29 
-U4.8) 
-120. 19 
-120.41 
-121.  10 
-121.71 
-122.19 
-122.99 
-122-91 
-121.29 
-121.66 
-121.98 
-126. 10 
-126.61 
-126.90 
-129.19 
•129.66 
-129.73 
-129.94 
-126.21 
-126.67 
-126. 70 
•126.91 
-127.19 
•127.  16 
-127.94 
-127. 76 
-127.96 
-(0,91 


.619 
.610 
.198 
.392 
.187 
.186 
.181 
.178 
.  176 
.176 
.172 
,171 
.  169 
.164 
.  167 
.  144 
.146 
.146 
.  141 
.142 
.141 
.  140 
.  199 
,  199 
.  194 
.  19  7 
.  197 
.  196 
.  196 
.  199 
.  199 
.196 
.  196 
.191 
.  391 

.  392 
.  362 
.  191 
.  191 
.191 
.190 
.  390 
.  )69 
.  >69 
.  169 
.  168 


.  16  7 
.  167 
.191 


116.6 

260.9 

261*1 

274.2 

246.8 

291.1 
296.0 

499.8 

101.1 

109.8 
108.2 
110.1 
112.1 

111.7 
119.2 

114.9 

117.8 

118.9 

119.9 

120.9 

121.8 

121.4 
121.6 
126.1 
126.8 

129.6 

124.1 

324.4 

127.2 

327.7 

124.2 

328.7 

129.2 
129.6 
IIC.O 
3  30.6 

310.8 

111.2 

111.4 

311.9 
112.  3 
>12.4 

312.9 
3  3  3.2 
3)3.9 
111. 4 
3)6.1 
3)6.1 
3)6.4 
1)6.8 
244.8 


104.4 

19.4 

31.4 

27.1 

24.2 

22.1 

20.4 
19.6 


/P 

.440 
1.136 
1.929 
2.S44 
3.219 
3.844 
6.923 
9.127 
9.816 
6.697 
7.14) 

14.1  7.806 

19.4  4.616 

19.1  8.992 

16./,  9*629 

16.2  10*31) 
11.9  10*996 

11.9  11.679 

11.2  12.166 

12.9  11.007 
12.6  11.696 

12.6  16.291 

12.2  16.910 

11.9  19.916 

11.7  16.101 

11.9  16.673 

11.6  17.409 

11.2  17.990 
11.0  14.672 

10.9  19.496 
iO.  7  20.016 

10.6  20.71) 
10.*  21. 149 
10. 1  22.061 

10.2  22.729 
10. 0  2). 191 

9.9  26.068 

9.8  26.698 

9.7  29.161 
9.6  29.976 

9.9  26.606 

9.6  27.226 
9.)  27.8)9 
9.2  28.619 
9.1  29.0)6 
9.1  29.620 
9.0  )C.l98 

8.9  1C. 769 

8.8  11.186 

8.7  12.061 
2.067 


LVL 


10000  90000 


2)1.9  236.6 

240.9  244.8 

244*4  279.1 

277,0 


219.8 

278.3 

291.4 

298.9 

101.4 

104.4 
108.8 

110.9 

111.9 

112.3 
112.8 
313.1 

113.3 


10.6 


244.4  279.9  291.4 


240.9 

240.9 

284.9 
30). I 
109.0 
111.} 

314.4 
319.2 
121.6 

321.1 
129.0 

324.4 

127.7 

324.4 

129.4 

130.4 

131.4 

1)2.6 

331.1 

111.4 

136.6 
119.0 

119.9 
116.0 

134.9 
1)7.0 
1)7.4 

137.8 

1)8.2 

118.4 
)>8.9 
119.) 
1)9.4 
1)9.9 

160.2 

140.9 
160.8 
161.0 
>61.1 

161.9 
>61.8 
162.0 
>62.2 
>62.6 

162.4 

142.1 
143.0 

141.2 

143.6 
36). 4 

287.2 


1.204 

1.398 

1.388 


1.299 

1.641 

1.914 

1.978 

1.409 

1.411 

1.468 

1.442 

1.474 

1.484 

1.492 

i.roo 

1.704 

1.712 

1.717 
1.772 
1.727 
1.711 
1.719 

1.718 
1.7*1 
1.764 
1.747 
1.790 
1.792 
1.799 
1.797 
1.799 
1.761 
1.741 

1.769 

1.747 

1.748 

1.770 
1.T72 
1.77) 
1.7  74 
1.7  74 

1.777 

1.778 

1.780 

1.781 

1.782 
1.71) 
1.716 
1.789 
1.784 

1.787 

1.788 


EPSILON 


1.000 

2.000 

J.QOO 

6.000 

9.000 

4.000 

7.000 

8.000 

9.000 

10.000 

ll.OOO 

12.000 

13.009 

16.000 

>9.000 

14.000 

>7.000 

,4.000 

>9.000 

ro.ooo 

'l.OflO 
>2.000 
>3.000 
>6.000 
>9.000 
!4.000 
!7.000 
>4.000 
>9.000 
10.000 
11.000 
12.000 
13.000 
16.000 
19.000 
14.000 
17.000 
14.000 
19.000 
>0.000 
>1.000 
>2.000 
>9.000 
>6.000 
i9.000 
>4.000 
>7.000 
>4.000 
I  7.000 
iO.OOO 
3.746 


PC/* 

1 .0(0 
l./i9 
4.4C0 
16.794 
22.090 
29.41) 
38. 0(1 
64.8)9 
99,7)6 
<4.6)3 
7).6C1 
(2.4(3 
92.7(3 
10.069 
i  l).6C4 
121.7(2 
I  16. Ill 
166. )!7 
196. 6<9 
1(6.629 
1  76.2  II 
183.822 
196. 4!2 
2C6.)(3 
217. 9C3 
229.916 
261.236 

292.990 
2(6. 7)9 
274.984 
288.396 
3C0.196 
311.9(7 
321. 7C3 
319.392 
367.023 

398.991 
370.0(7 
381. 9C8 
392.868 
6C6.U6 
619.280 
624.371 
637.3)8 
669. 9C9 
6(2.368 
679.296 
688.222 
SCI. 248 
SI6.327 
927.696 

20.614 


P  PSI4 

SCC.COC 
170. C04 

14.(86 

20.2)4 
1).«09 
1C. C6) 

7.(82 
6 . 609 
9.  >71 
6.(39 
6.(8) 
3.(28 
1.2)3 
2.911 
2.(69 
2.626 
2.23) 
2.04 
1.962 
1.(29 
1.  )22 
1.(32 
1.939 
1.696 
I  .  *)7 
1.30) 
1.266 
1  .  184 
1.  1)3 
1.C89 
I  .C60 
.999 
.942 
.92) 
.896 
.846 
.()) 
.811 
.  784 
.  746 
.  762 
.  722 
.  706 
.484 
.86) 
.869 
.831 
.814 
.999 
.98) 


r/NP  (m^»lpt 
CCC  4  ICIL/IOOCP 
6CC2,2  ,91 

3708. 0  -19.9) 

3029.9  -44.92 

2813.4  -(1.44 

2686.0  -91.29 

2996.1  -98.19 

2926.8  -1(1.91 

2673.3  -1(7.82 

2629.9  -111.63 

2392.9  -116.91 

2)40.8  -117.20 

23)2.8  -119.98 

2107.9  -121,72 

2289.7  -121.69 

2269.9  -129.61 

2267.1  -127.02 

2210.2  -128.92 

2216.7  -129.90 

2200.1  -131.19 

2186.8  -132.19 

2176.2  -131,9) 

2162.6  -136.60 

2191.2  -1*9.61 

2160.6  -1*6.97 

2130.6  -137.68 

2121.1  -138. IS 

2112.0  -1*9.18 
21C3.6  -139.97 

2099.1  -160.73 

2087.2  -141.49 

2079.7  -162.19 

2072.6  -162.82 

2069.6  -141.67 

2098.6  -146.09 

2092.1  -166.70 

2065.9  -169.28 

2039. B  -16S.86 
2036.0  '146.38 

2028.3  -146.91 

2022.8  -147,62 

2017.9  -147.9? 

2012.3  -148.60 

2007.3  -148.8? 

2002.4  -149.33 

1997.6  -149.77 
1993.0  -190.21 

1988.6  -190.4) 
1986.0  -191.06 

1979.7  -191.66 

1979.9  -191.86 

1971.6  -192.22 

2707.8  -69.90 


Sfirrmc  eipansion 

C  STAB  •  6348.0  PT/SEC 
CP  CAL/  I  OPT  CELV4C  CELVAC  1  SEA  I  A) 


ON  CEC 
I.CC9 
.968 


1)3.6 

262.1 

268.0 

281.2 

293.6 

301.6 

307.6 

312.6 

116.9 

120.9 

321.8 

126.6 
129.2 

111. 9 
1)1.6 
1)9.6 

117.4 
339. C 
)6C.6 
362.0 
36).) 

366.6 

169.8 
167.0 

368. 1 

369.1 
lie. I 
191.0 

191.9 

192.8 

191.6 

396.6 

399.7 

199.9 

196.6 

197.1 
198.0 

198.9 

199.2 

199.8 

160.6 
161.0 

361.9 

142.1 

342.4 

143.1 
>43.4 

346.1 

346.9 
349.0 

280.9 


112.2 

67.7 

60.2 

19.9 
11.) 
11.6 

29.9 

28.8 

27.9 

27.1 
24.6 

29.8 

29.1 

76.9 


2P 

.440 
1.149 
1.98) 
2.462 
1.  106 
1.978 
6.470 
9.190 
4.009 
4.427 
7.281 
7.989 
8.499 
9.196 
10.089 

26.1  1C. 761 

21.7  11.620 

21.6  12.040 

21.1  12.481 
22.9  11.282 

22.6  13.846 

22.6  16.991 

72.2  l«.29) 
22.0  19.994 

21.8  14.499 

21.6  17.361 

21.6  18.040 

21.3  18.797 

21.1  19.669 

20.9  2C.139 

20.8  20.817 

20.7  21.691 

20.3  22. 139 
20.6  22.820 

20.3  23.671 

20.2  26.1)7 

20.1  26.796 
20.0  29.312 

19.9  24.001 

19.8  24.413 
19.7  27.21S 

19.4  27.810 

19.9  28.397 

19.6  29.09) 

19.3  29.TSt 

19.2  30.669 
19.1  31.169 
19.1  31.869 
19.0  32.S69 

18.9  33.290 

34.7  2.694 


239.8  2)8.7 

270.6  276.6 

279.1  287.9 


266.6 

288.2 

306.9 

316.7 

321.2 
326.0 

329.9 
3)2.3 

136.9 
336.  3 

317.8 

118.8 
119.7 

160.3 

360.9 

361.3 
361.6 

361.9 


280.9  291.9  312.9 


269.9 

290.9 
108.2 
>19.2 

124.9 

112.8 

117.9 
161.6 
166.7 

167.6 

190.2 

192.9 
>96.9 
>94.6 

190.1 
>99.6 

161.1 
>62.6 
>61.7 

166.9 
164.0 
147.0 
>48.0 
149.0 
>49.8 
>70.7 

171.9 
>72.1 
>73.0 

173.7 

376.6 
179.1 

379.7 

374.3 

174.9 

177.9 
>78.0 

178.4 

179.1 

179.6 

380.1 

380.9 
>81.0 

311.9 

181.9 
382.3 

382.7 

383.1 

383.9 
383.9 

317.1 


1.260 

1.164 

1.610 


1.192 

U66I 

1.997 

1.613 

1.692 

1.611 

1.709 

1.729 

1.762 

1.796 

1.769 

1.781 

1.791 

1.801 

1.009 

1.817 

1.826 

1.031 

1.838 

1.863 

1.869 

1.196 

1.899 

1.866 

1.869 

1.873 

1.877 

1.811 

1.819 

l.lll 

1.092 

1.099 

1.898 

1.901 

1.906 

1.907 

1.910 
1.91) 

1.919 

1.911 

1.920 
1.923 
1.929 
1,927 
1.929 
1.932 
1.936 
1.936 
1.931 
1.960 
1.402 
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PfteSSUftE  profile  data 

SYSTEP  IICUID  PIPRCPELLANI  PC  300.  PSU 


COMPONENT 

TREE  FORMULA 

density  1 

HEAT  FORM 

WT, 

,  0/0 

OEC  K 

GM/CC 

IKCAL/FORM.hT.  ) 

196  N2«F^ 

1.50C 

-2.0 

83. 

298  P5»H9 

0.620 

♦  7.  74 

17, 

eULK 

CENSITY  *  1.206  GM/CC 

MIXTURE  PATIO  *  4. 

882  LB  OXIDIZER 

/  LB  OF 

FUEL 

PRESSURE 

profile 

DATA 

CFAMHER  ENTROPY 

272*21 

EU/IOOGMS 

Chaphlr 

THROAT 

frozen 

EXPANSION 

PRESSUREt 

P'lA 

3CC.0 

125.7 

52.66 

22.06  14.70 

9.244 

3.873 

1.623 

.680 

.285 

.  1 19 

.050 

163.2 

T£PP,  DEG 

K 

<.3C3.« 

352<^.5 

2*!78.  3 

2343.1  2125.6 

1899.8 

1533.2 

I23C.6 

981.8 

778.4 

613.7 

481.0 

3743.  1 

enthalpy  I 

1-) 

2*9. 9R 

54.09 

75.21  83.35 

91.  72 

105.00 

115.83 

124.4  3 

131.28 

136.69 

140.95 

21.47 

CP 

.  3<535 

.  3R83 

.3826 

.3762  .3728 

.3686 

.  3599 

.  3502 

.341  1 

.  3323 

.  3244 

.3175 

.  3899 

IMPLL  OPT 

162. 8C 

219.49 

256,62  270.0? 

283.23 

303.04 

318.10 

329.66 

330.57 

345.46 

350,77 

136.20 

IPPLL  VAC 

2<.  7.33 

270.69 

292.27  300.80 

309.42 

322.00 

333.21 

341.29 

347.55 

352.39 

356.13 

243.95 

EPSILON 

I.C38 

1.500 

2.493  3.227 

4.37? 

7.870 

14,363 

26.391 

48.631 

09.677 

165.226 

1.000 

Shifting  expansion 

PRESSURE, 

PSU 

3CC.0 

125.7 

52.66 

22.06  14.70 

9.244 

3.873 

1.623 

.680 

,285 

.119 

.050 

169.9 

TEPP,  OEC 

K 

‘.3C3.d 

3865.3 

3457.4 

3C91.2  2930.9 

2780.8 

2527. 1 

2320.2 

2147.6 

2000.5 

1871.5 

1 756,0 

4014.4 

ENTHALPY  1 

l-J 

-.<.S 

31.02 

58,64 

82.02  93. C7 

104.04 

122.02 

1  39,58 

154.68 

168. 39 

160.91 

192.39 

20.51 

X  BAR 

<•.516 

<•.<•13 

4.320 

4.232  4.191 

4,  143 

4.051 

3.959 

3.870 

3.784 

3.702 

3.626 

4.448 

N 

<•.516 

^.<•13 

4.  320 

4.232  4.191 

4.143 

4.051 

3,959 

3.870 

3.784 

3.  702 

3.626 

4.446 

CP 

1.  153<^ 

1.0065 

.9154 

,9230  .9599 

t.0239 

1.1858 

1 . 3635 

1.5205 

1.631  1 

1.6835 

1  .6626 

1.0548 

IPPLL  OPT 

165.56 

226.00 

269,20  285.29 

301.55 

327.52 

349.07 

367.4  1 

383.29 

397.25 

409.63 

135.14 

IPPLL  VAC 

254.63 

283,74 

311.22  322.61 

334.58 

354.54 

371,82 

386.96 

400.37 

412.33 

423.07 

249.36 

EPSILON 

l.C5<. 

1,609 

2.833  3.779 

5.316 

10. 302 

20.662 

42, 797 

89.176 

168.005 

399.920 

l.OOO 

CCPPOSiriCN  SHIFTING  (MOl/lOO  GM > 


132.60 

B 

.0CC7 

.OC02 

.ccoi 

.0000 

.COCO 

.0000 

.0000 

.  OOOO 

.OOOO 

.0000 

.OOCO 

.0000 

.0003 

-45.47 

fc*F 

1. 1 758 

1.  1806 

1,1775 

1.1570 

1.1411 

I.U64 

1.0565 

.9855 

.9096 

.8330 

.7501 

•  6866 

1.1795 

-133.84 

P«F2 

.  1262 

•  1103 

,0921 

.0752 

.0678 

.0597 

.0457 

.0339 

.0244 

.0171 

.0117 

.0076 

.1167 

-  270. CO 

P*F  3 

•  04Cd 

.0543 

.0759 

.  1126 

.1367 

.1694 

.2433 

•  326? 

.4116 

.4955 

.  5757 

.6512 

.0490 

114.76 

8*H 

.COCO 

.OCOO 

.OCOO 

.0000 

.COCO 

.0000 

.0000 

.0000 

.OOOO 

.0000 

•  OOOO 

•  OOOO 

•  OOOO 

66.00 

e«H2 

.CCCO 

•  OCOO 

.OCOO 

,0000 

•  COOO 

.0000 

.0000 

.0000 

.oooo 

.0000 

•  oooo 

.0000 

.0000 

18.00 

e*H3 

.CCCO 

.0000 

.OCOO 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.oooo 

.0000 

.0000 

199. 30 

F2 

.COCO 

.  OCOC 

.OCOO 

.0000 

.ooco 

•  oooo 

.0000 

•  oooo 

.0000 

.0000 

•  OOOO 

.0000 

.0000 

-  124,20 

e3*Mt#N3 

•  occo 

.0000 

.OCOO 

,0000 

.0000 

.0000 

.0000 

.0000 

.oooo 

•  oooo 

•  ooco 

.0000 

•  OOOO 

IB.  86 

f 

.1454 

.0684 

.0251 

,0075 

.0041 

.0020 

.0005 

•  0001 

.0000 

•oooo 

•  OOOO 

.0000 

•  0914 

-64 . 50 

F*H 

1.4918 

1. 5591 

1.5774 

1.5385 

1.5011 

1.4457 

1.3135 

1.1599 

.9988 

.8383 

•  6832 

.5362 

1.5406 

t>8.60 

F*N 

•  COCO 

•  OCOO 

.OCOO 

.0000 

•  0000 

.0000 

•  OOOO 

•  OOOO 

.OOOO 

•  OOOO 

•  OOOO 

.0000 

.0000 

.00 

F2 

.occo 

•  OCOO 

•  OCOO 

.0000 

.0000 

.0000 

•  OOOO 

.0000 

.0000 

.0000 

.0000 

•  oooo 

•  oooo 

52.10 

H 

.5392 

.4204 

•  3C42 

.2022 

•  1635 

.1273 

.0793 

.0498 

.0316 

.0201 

.0126 

.0077 

.4619 

79.20 

H*N 

.CCC4 

.0002 

.OCOl 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.OOOO 

.0000 

•  0002 

.00 

H2 

.1953 

.2211 

.2702 

.3406 

.  3707 

.4245 

.5146 

•  6061 

•  6958 

•  7818 

•  8631 

.9390 

.2096 

40.30 

H2»N 

.ooco 

•  OCOO 

.OCOO 

.0000 

.0000 

.0000 

.0000 

•  OOOO 

.0000 

.0000 

•  OOOO 

.0000 

.0000 

-11.04 

H3»N 

•  OCCO 

•  0000 

•  OCOO 

.0000 

.COCO 

•oooo 

.0000 

•  OOOO 

•  OOOO 

•  OOOO 

•  OOOO 

.0000 

•  OOOO 

113.00 

N 

.CC21 

.0007 

•  0C02 

.0000 

.0000 

,0000 

•  OOOO 

.0000 

.0000 

.0000 

•  OOOO 

.0000 

•  0010 

.00 

N2 

.  7967 

.  7975 

.  7970 

.7979 

.7979 

.7979 

.7980 

.  7980 

.7980 

•  7980 

.7900 

•  7980 

.7973 

-120- 


EPSILON  »C/» 

I.OCO 

l.OOO  1.I3« 

2.000  10.127 

I. 000  It.ilt 

«.000  2t.4«0 

9.000 

k.OOO  92  .*94 
T.OOO  69.017 

•.000  79.624 

9.000  99.071 

10.000  111.419 

11.000  121.119 

12.000  149.124 

11.000  l«2.04l 

14.000  ll«.l}6 

19.000  197.139 

14.000  217. Ml 

17.000  227. 90 

la.OQO  29t.9)7 

19.000  2(0.126 

20.000  iei.924 

21.000  121.4(4 

22.000  149.939 

21.000  147.411 

24.000  119.2(4 

29.000  411.0(4 

24.000  432.792 

27,000  494.491 

21.000  4(1. 4(4 

29.000  9C7.4(2 

10.000  911.449 

31.000  940. Ml 

32.000  9(7.239 

31.000  414.370 

14.000  441.732 

19.000  449. |4i 

14.000  497.129 

17.000  729.09! 

la.OOO  791. U7 

19.000  7(1.249 

40.000  ac9.49a 

41.000  6)7.717 

42.000  •44.0(2 

41.000  694.296 

44.000  922.9(9 

49.000  910.699 

44.000  979.096 

47.000  10C7.1C6 

46.000  1039.4(0 

49.000  1049. ICl 

90.000  1097.472 

J. 227  20.414 


SVSTITI  lUUiO  6|66«0tl.l4NT 
COMPOKCDT  t6(f  fnmvik 
Die  R 

191  N2*64 

296  69«h9 


RC 


P  6114  l(M6  ENT7-4L6V 


IOC. COO 
14J. 172 
29.421 
14.419 
10.946 
7.910 

9.491 
4.991 
1.777 
3. 199 

2.491 
2.140 
2.C67 
l.(9l 
1.476 
1.920 
1.36C 
1.261 
1.196 
I.C70 

.994 

.927 


.191 

.162 

.9M 


CCC  R  RC4L/tOOOR  OR  OfC 


CM/CC  iRCAL/Fi 

1.90C  -2.0 

0.420  *7.74 

F602(N  CIRANilON 
C  974R  •  4299.6  Ff/S<C 
CR  C4L/  I  8Rt  0E1.V4C  CCLV4C  I  SE4 


Ht.  0/0 

1 

I). 


.)>» 
.129 
.114 
.  )06 
.296 
.290 
.262 
.273 
14.694 


41C1.I 

1741.1 
2944.0 

2164.1 
1962.6 

1606.5 
1492.0 

1999.6 

1924.1 
1440.0 

1404.9 

1194.6 

1114.1 

1274.4 

1242.2 

1211.0 

1162.9 
1196.) 
1112.1 

1109. 7 

1066.7 

1049.2 

1090.4 
10)1.6 
1017.) 

1001.9 
967.  > 
97). 4 

960.2 

947.6 

919.9 
924.0 
91  ).0 

902.6 

•  92.1 

•  62.9 

671.2 
664.  1 

699.4 
647.0 

616.6 
611.0 

•  21.4 

•  14.0 

•  06.9 

601.9 

799.2 
766.7 

762.4 

774.2 
7  70.2 

2129.6 


.49 
-21.47 
-47.44 

-61.17 
-49.40 
-99.06 
-99. 1) 
-1C2.46 
•1C9.41 
-1C7. 71 
-IC9.47 
-  1 1 1 . 16 
-112.66 
-114.22 
-119.42 
-114.9) 
-117.91 
-116.42 
-119.24 
-120.04 
-120.76 
-121.44 
-122.07 
122.46 
-121.22 
-121.79 
-124.29 
-124.72 
-129.17 
-129.40 
-126.01 
-124.40 
-124.77 
♦127.11 
-127.47 
-127.60 
-126.11 
-126.42 
-12R.7I 
-126.99 
-129.27 
-129.91 
-129.76 
•IIO.O) 
-1*0.27 
-110.90 
•110.72 
-I *0.94 
-1)1.19 
-1)1.  14 
•1)1.96 
-11.19 


.191 
.190 
.979 
.174 
.170 
.147 
.144 
.142 
.  140 
.196 
.194 
.199 
.191 
.192 
.  191 
.  190 
.149 
.  146 
.147 
.  144 
.  149 
.  144 
.144 
.  141 
.141 
.  142 
.  141 
.  141 
.  140 
.  140 
.119 
.119 
.  )16 
.116 
.  317 
.  117 
.  117 
.114 
.114 
.1)9 
.)19 
.1)9 
.  )14 
.))4 
.))4 
.))) 
.))> 
.11) 
.  ))2 
.1)2 
.1)2 
.)7) 


/R 


116.2 

244.0 

246.9 

279.4 
266.1 
294.7 

299.4 

101.9 

104.6 

109.4 

112.0 

114.1 
)|9.9 

117.9 
119.0 

120.4 

121.4 

122.6 
121.6 

124.6 

129.7 
)24.9 
)27.) 
)26.) 
)26.6 
)29.4 
IIO.O 
))C.4 
))1.2 
)>1.7 
))2.2 
)I2.7 
))).2 
))).4 
»4.1 
1)4.9 
1)4.9 
1)1.) 
))9.4 
1)4.0 
3)4.) 
))4.4 
»7.0 
1)7.) 
))7.4 
))7.9 
))6.1 
1)6.4 
))6.7 
1)6.9 

270.1 


109.7 

40.0 

12.0 

27.4 
24.9 

22.4 

20.6 

19.6 

16.4 

17.7 
17.0 

14.1 

19.6 

19.1 

14.6 


1. 


2.996 
1.299 

1.919 
4.979 
9.190 
9.664 
4.977 
7.292 
7.901 

6.919 
9.106 
9.74R 

14.4  1C. 441 
14.0  11.112 
11.7  11.611 

11.4  12.499 

11.1  11.149 

12.6  11.624 

12.4  14.449 
12.)  19.096 

12.1  19.707 
11.9  16.102 

11.7  16.661 

11.9  17.922 

11.1  16.212 

11.2  16.902 
11.0  19.992 

10.9  20.261 

10.7  20.969 

10.6  21.69) 
10.9  22.114 
10.1  21.010 

10.2  21.660 
10.1  24.149 
10.0  29.004 

9.9  29.699 
9.7  26.299 
9.6  26.919 
9.9  27.96) 

9.9  26. 16) 

9.6  26.794 
9.)  29.197 
9.2  29.992 
9.1  1C. 976 
9.0  11.196 

6.9  11.770 
6.9  12.497 

10.7  2.091 


iVl 

219.4  217.1 

244.1  270.1 

249.9  276.9 

260.4 


90000 

242.6 

261.7 
269.2 

102.4 

107.1 

110.4 

112.4 

114.1 

119.1 

114.1 

114.4 
114.9 

117.1 


244.0 

264.0 

296.9 
907.0 
112.6 

117.1 

120.4 

121. 1 

129.9 

127.1 

126.9 

110.9 
111.7 
112.0 
111.6 

119.6 

119.7 
>14.9 
>17.2 

117.9 

116.9 
>19.1 

119.6 

149.2 

140.7 
141.1 

141.4 
142.0 

142.4 

142.7 

141.1 

141.6 
16). I 
166.  1 

146.6 

146.7 
169.0 

169.2 

149.9 
149. T 
144.0 
>44.2 

144.9 

144.4 
144.6 
>47.0 

147.2 
>47.6 
>47.9 

«At.6 


1.204 

1.199 

1.166 


1.299 
1.461 
1.919 
I."*  79 
1.409 
1.411 
1.646 
1.662 
1.474 
1.461 
1.492 
1.499 
1.704 
I.7U 
1.717 
1.722 
1.724 
1.711 
1.714 
1.716 
1.741 
1.744 
1.747 
1.790 
1.792 
1.799 
1.797 
1.799 
1.7*1 
1.741 
1.749 
1.744 
1.746 
1.7  70 
1.771 
1.771 
1.7  74 
1.774 
1.777 
1.776 
1.779 

1.761 

1.762 
1.761 
1.769 
1.769 

1.766 

1.767 
1.766 


2»e.l  279,1 


ER1U0N 


l.OOO 
2.000 
1.000 
9.000 
9.000 
4.000 
7.000 
6. 000 
9.000 
10.000 
11.000 
12.000 
11.000 
19.000 
19.000 
16.000 
17.000 
16.000 
19.000 
20.000 
21.000 
22.000 
21.000 
29.000 
29.000 
26.000 
27.000 
26.000 
29.000 
10.000 
11.000 
32.000 
Jl.OOO 
19.000 
39.000 
36.000 
37.000 
)6.000 
19.000 
90.000 
91.000 
92.000 
43.000 
94.000 
49.000 
44.000 
47.000 
46.000 
49.000 
90.000 
1.779 


PC/t 

1 .0(0 
1.741 
(.111 
14.7(9 
22.1C1 
29.910 
M.ilT 
47.216 
19.2(0 
(1.219 
74,1*1 
0.91) 
1).9I1 
IC9.921 
1  19.410 
129.9(6 
111.970 
194. )99 
114.111 
144.4)6 
1  74.114 
1(4.942 
117.976 
2C9.629 
221. )79 
2)3.211 
241.121 

217.07) 
2(9.01) 
2(1.044 
20.0)0 
1C9.911 
114.927 
126.61) 
190.442 
112.9(1 
1(9.019 
J79.7C9 
>17.229 
116.4(7 
410.019 
921.270 
4)2.414 
443.619 
416.6(1 
4(9. 9)7 
461.014 
414.234 
9C9.9(6 
922.711 
934.076 
20.414 


R  Rill 

IflC.COO 

149.19) 

31.C69 

20.211 

11.172 

10.(17 

7.(29 

9.319 

1.130 


),  192 
2.(7) 
2.(10 
2.391 
2.209 
2. (10 
1.119 
I.ICO 
1.700 
l.<09 
1-111 
1.9)1 
1.311 
1.264 
1.229 
1.147 
1.111 
I.C47 
I.C24 
.169 
.197 
.112 
.161 


.713 

.732 

.712 

.(99 

.(74 

.(97 

.(36 

.(21 

.409 

.969 

.974 

.140 


MRR 
CfC  «  < 
9)0). ( 

9019.9 

1299. 1 

1019.9 
2911.0 

2607.9 

2729.9 

2946.9 

2416.1 

2171.9 

21) 9.7 
2906.0 
2*60.0 

2419.9 
24)2,9 
24U.9 
2)9). 2 
2)71.9 
2)90.0 
2)91.2 
2))1.9 
2)16.9 
2)06.1 

2294.6 

2261.7 
227).) 
229). 1 

2219.2 

2249.2 

22) 6.7 

2226.4 
2220.6 
2211.) 

2204.1 

2199.2 

2192.9 

2164.1 

2179.9 

2171.9 

2146.1 

2162.9 
2197.0 

2191.7 

2146.4 

2141.4 

2134.7 

21)2.0 

2127.9 

2122.9 

2116.4 
2114.) 

2996.9 


(RTRaiRT 

C4t/t00CR 

.49 

•20.11 

•(9.12 

-14.9* 

-14.96 

-lC2.il 
-K*,4I 
•112.14 
-1 11.69 

-  I  19.07 
-121.61 
•124. )0 
-124.10 

-  126. *9 
-1*0.10 
-1*1.99 
-1)1.99 
-1)9.91 
-1*4.2) 
-127.97 
-lit. 9) 
-129.72 
-1*0.79 
-1*1.79 
-t«2.4l 
-19). 17 
-1*4. *1 
-1*9.21 
-1*4.00 
-1*4.7* 
-147, *9 
-146.14 
-146.60 
-149.44 
-190.09 
-190.64 
-191.22 
-111.77 
-182.11 
-192.61 
-199.14 
-)9».f) 
-194.11 
-194,  77 
-119.2) 
-199.47 
-194.10 
-194.92 
-194.91 
-197. )1 
-197.72 

-11.07 


iHIRtINC  (iRlNIIOfi 
C  11*4  •  4467.)  Rt/UC 
CR  C69/  I  6Rt  0(IV4C  CfltflC  t  1(4 


OR  C(C 
1.19) 
1.091 


1)1.1 

244.4 
2>2.4 
266.2 

296.6 

309.6 

311.1 

316.2 

322.1 
>24.2 

129.1 
1)2.9 
1)1.0 
117.) 
))9.9 
>41.4 

141.2 
1*4.9 

196.4 

147.9 
149.) 
110.1 

111.9 

112.9 
199.0 
199.0 
196.0 
197.0 

197.9 

196.6 

199.6 

160.4 

141.2 
>41.9 
>42.4 
141*9 
144.0 

144.4 

149.2 
)49.6 


146.4 

149.1 

149.4 

>70.1 

170.9 
171.0 

269.9 


114.2 

46.9 

41.0 

>4.1 

11.7 

11.7 

>0.2 

29.1 

29.1 
27,) 
24.4 
24.0 

21.1 
21.0 


/R 

.472 

l.)92 

2.020 

2.491 

1.149 

4.01) 

4.716 

1.410 


I  It  I  It 
10000  1C000 


2)9.1 

279.0 

261.9 


2*2.9 

261.2 

292.9 

297.1 


111 
4.744 
7.422 
0.144 
6.641 
9.976 

24.4  10.279 

24.2  10.941 

21.6  11.4)1 
21.1  12.260 

21.2  12.906 
21.0  19.114 

22.7  14.120 
22.1  14.6)1 

22.1  19.111 
22.0  14.249 

21.6  14.969 

21.7  17.701 

21.1  16.91) 
21.)  19.122 

21.2  19.621 
21.0  20.929 
20.9  21.219 

20.7  21.901 

20.6  22.976 
20.9  21.246 

20.9  29.909 

20.2  24.941 

20.1  29.201 
20.0  29.640 

19.9  24.444 

19.6  2T.06) 

19.7  27.492 

19.4  26.292 

19.9  20.906 
19.4  29.420 
19.4  90.112 
19.)  11,049 

19.2  ».799 
19.1  92.47) 
19.0  >9. 166 
19.0  99.902 

17.9  2.940 


2*0.2 
29). I 
MO. 2 
)20.l 
>24.0 
)M.4 
))9.2 
1)6.0 
1*0.2 
142.0 
1«).4 
)**.1 
1*9.1 
144.0 
144.9 
144.9 
147.2 
1*7.9 
147.7 


209.)  294.9  110.1 


1  VAC  CR  1IA  CR  VAC 
LVL 

249.*  1.2)7  1.100 

299.9  1.164  1.469 

111.4  1.406  1.999 

124.7  1.410 

1)2.1  1.449 

>11.1  1.479 

)4).)  1.70) 

147.)  1.722 

190.4  1.7)9 

191.9  1.79) 

194.1  1.744 

190.*  1.777 

140.9  i.roi 

142.1  1.797 

>44.0  1.609 

149.4  1.61) 

147.1  1.620 

146.4  1.627 

169.7  l.ll) 

170.9  1.6)9 

172.0  1.649 

171.0  1.690 

174.0  1.099 

>79.0  1.640 

179.9  1.044 

174.7  1.640 

177.9  1.672 

>76.1  1.IT6 

179.1  l.iiO 

179.6  l.ll) 

160.9  1.067 

161.1  1.690 

101.6  1.091 

102.4  1.694 

161.0  1.699 

161.9  1.902 

164.1  1.909 

164.4  1.907 

169*1  1.910 

169.4  1.91) 

>64.1  1.919 

164.4  1.917 

>67.1  1.920 

167.9  1.922 

16T.9  1.924 

166.4  1.924 

166.6  1,926 

169.2  1.910 

169.4  1.9)2 

190.0  1.914 

122.4  t.419  1.400 


PRESSURE  profile  DATA 

SYSTEP  LKUID  BIPROPELLANT  PC  300.  PSfA 


PRESSURE!  PSU 

COMPONENT  TKEF  FORPLLA  DENSITY  HEAT  FORM  mT, 

DEG  K  OM/CC  IkCAL/FORM.wT. ) 

ise  N2»F<,  1.50C  -2.0  85, 

29P  e5*h9  0.620  *7.74  15, 

EULK  density  s  1.237  GM/CC 

‘'UTuRE  RATIO  »  S.667  Lfi  OXIOIZCK  /  LB  OF  FUEL 

PRESSURE  profile  DATA 

CHAMpCR  ENTROPY  265.06  fU/lOOGMS 

CHAPTER 

FROZEN  EXPANSION 

3CC.0  125.7  52.66  22.06  14.70  9.244  3.073  1.623  .680 

,  0/0 

.285 

.  1  19 

.050 

THROAT 

164.  1 

TEPP,  DEG  K 

4461.2 

3651.9 

2901.9 

2427.3 

2202.1 

1968.6 

1589.4 

1276.4 

1019.  1 

008.7 

630.0 

5C0.6 

3663. 7 

ENTHALPY  {-) 

-.20 

30. 3C 

55.24 

75.58 

83.73 

92.10 

105.47 

1 16.75 

124.87 

131.74 

137.17 

141.45 

21.60 

CP 

.  J7S0 

.  3  746 

.  3694 

.  36  35 

•  3604 

.  3567 

.  3406 

.  3394 

,  3306 

.  3220 

.3145 

.  3079 

.3759 

IPPLL  OPT 

162.91 

219.6? 

256. 76 

270.22 

283. 30 

303.21 

318.79 

329.86 

330.80 

345.71 

351.04 

137.74 

IPPLL  VAC 

247.47 

270.84 

292.42 

3CC.96 

309. 5h 

322. 9b 

333.41 

341.52 

347.00 

352.67 

356.42 

244.10 

EPSILON 

1 .08 

1.500 

2.493 

3.226 

4.372 

7.075 

14.379 

26.440 

48,755 

09.972 

165.945 

l.OOO 

PRESSURE!  PSifl 

3CC  ,0 

125.7 

52. C6 

22.06 

Shifting  expansion 

14.70  9.244  •  3.973 

1.673 

.680 

.285 

.119 

.05C 

171.0 

TEPP,  DCG  K 

446  1  .2 

4C6C.4 

360  7.4 

3325. 3 

3160.5 

2981.4 

2685.8 

7446.6 

2252.  7 

2091.6 

1954.5 

1034.9 

4190.2 

enthalpy  (") 

-.20 

31  .49 

59.61 

04.51 

95.  10 

106.44 

125.75 

142.00 

150,22 

172.09 

184,72 

196.29 

20.69 

X  bAR 

4.  36) 

4.250 

4.  150 

4 .066 

4.029 

3.989 

3.908 

3.074 

3,73b 

3.654 

3.573 

3.496 

4.288 

N 

4.363 

4.250 

4. 150 

4.066 

4.029 

3.988 

3.908 

3.874 

3.738 

3.654 

3.573 

3.496 

4.288 

CP 

1.4303 

1.2806 

1.0778 

.8916 

.6530 

.8587 

.9743 

1 .1594 

1.3532 

1.5328 

1.6727 

1.7657 

1.3503 

IPPLL  OPT 

166.05 

220.1  1 

271.46 

207.94 

304.59 

331.02 

352.81 

371.24 

307.  15 

401.09 

4  13.45 

134.82 

IPPLL  VAC 

255.09 

206. U 

314.52 

326.18 

338. 34 

358.44 

375. 74 

390.05 

404.22 

416.14 

42b.a6 

250.26 

rpsiLON 

1 .059 

1.631 

2.091 

3.854 

5.408 

I0.4b5 

20,920 

42.720 

80.761 

106.840 

397.430 

1.000 

n?.60  p 

.CCC6 

.OC02 

.OCCl 

CCPPCSITICN  SHIFTING  IPOL/lOO  ( 
.OCOC  .coco  .0000  .0000 

GM  ) 

.OOCO 

.0000 

.0000 

•  OOCO 

.0000 

.0003 

e»r 

.  9  8  C  7 

.  9  7  76 

.9732 

.9652 

.9500 

.9448 

.9035 

.0449 

.7764 

,  70  39 

.6308 

.5592 

.9789 

-133. 8<.  E»F2 

.  1499 

.  1  350 

.  1 165 

.0948 

.0842 

.0727 

.0540 

.0392 

.0290 

.0196 

.0135 

.0092 

.1407 

-270.00  E»F  3 

.C5ta 

.0  744 

.0575 

.1212 

.1450 

.1690 

.2290 

.  3032 

.  3929 

.4637 

.5429 

.6108 

.0673 

U^.7b  e*H 

.coco 

.OCOC 

.OCOO 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.OCOO 

.OOCO 

.0000 

.0000 

bb.oo  e*H2 

.coco 

.0000 

.OCOO 

.0000 

.0000 

.0000 

.0000 

.COOO 

,0000 

.0000 

•  ooco 

.0000 

.0000 

ifi.oo  e»H3 

.coco 

.0000 

.OCOC 

.0000 

.coco 

.0000 

.0000 

.0000 

.0000 

.0000 

.ooco 

.0000 

.0000 

lYg.30 

.coco 

.OCOO 

•  OCOC 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

•  OOCO 

.cooo 

.0000 

-  12<I  .20  e  3»ht«N3 

•  occo 

.0000 

.occo 

.0000 

.coco 

.0000 

.0000 

.0000 

,0000 

.0000 

.ooco 

•  OOOO 

.0000 

L  b  .  b6  F 

.  3068 

.  1926 

.0593 

.0378 

.0213 

.0104 

.0075 

.0006 

.0002 

.0000 

.OOCO 

.0000 

.2315 

-c^.50  F«H 

l.5l  IH 

1.6054 

1.6709 

1.6946 

1.6660 

1.6589 

1.5655 

1.4353 

1.2676 

1.1344 

•  9621 

.0347 

1.5750 

5b. 60  F*N 

.ccca 

.0000 

.  OCOC 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.OOOO 

.0000 

.00  F2 

.ccco 

.0000 

.OCOO 

.0000 

.0000 

•  0000 

.0000 

.ooco 

.0000 

.0000 

.ooco 

.0000 

.0000 

52.10  H 

•  4461 

.  3615 

.2049 

♦  2151 

.1841 

.1511 

.1002 

.0654 

.0428 

.0262 

•  0106 

.0122 

.3909 

79.20  H*N 

.CCC4 

.0002 

.OCOl 

.0000 

.COCO 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0002 

.00  H2 

•  0803 

.0050 

.0506 

.1137 

.1335 

•  1635 

.2357 

.3101 

.4033 

.4872 

.5661 

.6451 

.0854 

<*0.30  H2*N 

.COCO 

•  OOOO 

.OCC<' 

,0000 

.COCO 

.0000 

.0000 

.0000 

.0000 

.0000 

•  OOOO 

.0000 

.0000 

-U  .0<*  H3«N 

.coco 

.OCOO 

.OCOO 

.0000 

.ooco 

.0000 

.0000 

,0000 

.cooo 

.0000 

.0000 

.0000 

.OOOO 

1 1 3.0U  N 

.0033 

.0014 

.0C05 

.0001 

.COCl 

.cooo 

.0000 

•  0000 

.0000 

.0000 

•  OOOO 

.0000 

.0019 

.00  N2 

.8153 

•  8164 

.8169 

.8171 

.8171 

.8172 

.0172 

.0172 

.0172 

.817? 

•  6172 

.8172 

.0161 

-122- 


SvMfl'  iut>ict  eiPBOPElLAiwI  PC  «00.  PSI* 
reMPf^KfUt  tK|F  FOPPCLk  OfNSIfV  HE«T  PflRV 

era  «  OM/cc  iKC«i./P0«M.MT 

t«e  K?*F«  l.soc  -f.o 

PS«>>9  0.67C  •F.F* 

FRO/FH  flPRNSISN 
C  M*a  •  42sr.»  Ft/SfC 

IfMP  CMFAI.PV  CP  CAL/  I  OPI  OElVAC  CFLVAC  I  SCA  (  AT 

etc  A  K(Ai/ioo(.p  CP  rcc  /p  ivL  loooo 

I  A<>bl.?  .  ^0  .  Mt 

iDHi.F  -?l.bC  .Fib  1)1. T  tOb.b  .6«n  ^Ib.b  ?>?.« 


A*0.* 

eU.O 

««).A  -i;4.')b 

-1*0. ?l 
«*e.  )  -I  'O.Ab 
9*3. ■»  -1*3. fC 

Ai).«  •l*C.>» 

«?b.A  •  I  *1.  TS 

»?0.  t  •  I  M.  »F 
m ).S  *  I M . S" 

»:  F.i  - 1  *1.  f) 
•  i  ■ 

/;•*?. i 


i*.«  R.rsi 
I*.*  10.44* 
l*.l  ll.Db 
it.F  ll.a^i 
I  ».*  U.^OI 

11.1  n.iT* 
w.«  o.«)^ 
i^.b  (*.*rs 
l?.*  13.10* 
l/.l  13. Mb 

11.9  |«.)1/ 

11. F  14. *91 
11. b  |).3?F 

11.4  It..’!' 

11.?  1C.90T 
11. 0  14.39a 

10.9  JC.?«f 
10. F  ?''.»F3 
10. b  ?|.bbO 
10.3  ??.l*l 
10. »  ?J.01 F 

to.?  ?l.b«9 

10.1  ?4.t33 
lO.O  ?3.C1* 

9.9  ?3.bbb 
9. A  ?4.m 
>.  F  ?4. F*8 

9.4  ?I.3TT 

9.3  ?a.l94 
9.*  ?a.Ai3 

9.3  ?9.*1* 

9.?  IC.riJ 

9.1  JC.39A 

9.1  M.lFf 
9.0  31. IFF 
a. 9  3?.*b3 

30. F  ?.09?  ?F0.?  ?F9.3 


3p!F  t|HC 
C  3t«a  .  t 
(*  C»i/  t  JPT 


FlPA43tA4 
31b. 0  »I/3£C 
OtivAC  CFtvAC  1  3rA 


.39»  ^44. 9 

?F3.a 
?a9.9 
301.0 
309.? 
313. F 
3?l.l 
3?3.3 


153. F 
33l>.) 
3*C.  F 
3*?. 9 
3*4.9 

34b. a 
34R.3 
330. C 

331.3 
13?. 9 
334.? 

333.3 
)3b.b 
33F.F 
33*. ■ 
339. • 
3bO.R 
Ibl.F 
36?. b 

363.4 
364.? 
363. C 
363.  F 

366.4 

367.1 
36F.0 

366.4 

369.1 
369.? 
)TC.) 
3FC.6 
3FI.4 

371.9 

372.3 
173.0 

173.3 
174.0 

174.4 
374*9 

.633  267.9 


’  3.341 

4.069 
4.F73 
3. *7? 

(.141 
b.FAl 
F.431 
(.1  7b 
9.901 
9.619 
IC.3?* 

11.013 
11.667 
I?. 340 
I?. 970 
I  3.360 

14.140 
14.699 
13.620 
14.341 
1  1.062 
1 F. F62 
16.494 
19.211 
19.919 
2C.b?l 
21.317 
??.003 
22.666 
?3.334 
24.022 
24.677 
23.12? 

?5.939 

26.366 

27.204 

21.613 

26.413 

23.039 

29.734 

3C.471 

31.164 

31,906 

32.624 

33.141 
14.061 

2.602  287.9 


243.)  749.1 

263.1  233.0 

293.3  312.6 

299,6  323.0 


l.2>6  1.167 

1.3(7  1.4(8 

1.414  1,3(1 

I  .(16 


1.161 
1  .666 

I  .671 
1 .171 
1.679 
1.663 
I  .667 
I  .691 
1.494 
1.196 
1.901 
I  .904 
I  .907 
1  .910 
l.9t} 
I  .916 
1.911 
1.921 
1.921 
1.926 
1.926 
I  .931 
1.913 
1 .931 
1.937 
1.939 
I  .941 
■■i.941 
I  .941 
1.422  1.611 


PftESSUftE  profile  data 


SYSTEM  LILUID  eiPROPELLANT 
COMPONENT  TRfF  fORMlLA 
DEC  K 

ISE  S2«F^ 

2<;p  hS»H9 


PC  300.  PSU 


DENSITY 

MEAT  fork 

N  T 

GM/CC 

IKCAL/FOKM.wT. 

) 

1.50C 

-2.0 

87 

0.620 

♦  7.74. 

I  } 

euLK  CfNMTY  »  1.266  &M/CC 

FIXTURE  RATtC  =  6.6<#2  LB  0XIC12EH  /  LB  OF  FbEL 

PRESSURE  PROFILE  DATA 


CfAMHER  entropy  258.95  EU/IOOCHS 


C*-APbE« 


THROAT 


FROZEN  EXPANSION 


PRESSURE, 

P5IA 

JCC.O 

125.7 

52.66 

22.06 

14.. 70 

9.244 

3.873 

1.623 

.680 

.205 

.  1  19 

.050 

162.8 

TEMP,  OFG 

K 

ASSH  .4, 

572C. 7 

3036.2 

2470.4, 

224.1.0 

2003.  1 

161 7. 1 

1290. H 

1037.2 

023.4 

649.9 

510.2 

3950.5 

enthalpy  I 

) 

.  C8 

30,1  3 

54.  .69 

7^.  7C 

R2.72 

90.95 

104.1 1 

1  14.70 

123.19 

129.95 

1 35, 30 

1 39.51 

21.83 

CP 

.  364.9 

.  3610 

.  3‘62 

.  35C8 

.  3479 

.  3443 

.  3368 

.  3285 

.  3200 

.3110 

.3047 

.2984 

.3620 

I'^PCL  OFT 

161.69 

217.96 

254. .  79 

260. 12 

201.1  7 

300.03 

315.70 

32  7.26 

3  36  .  1  2 

342.97 

348.27 

137.54 

IMPLL  VAC 

24.5.60 

26R  .  75 

290.  14, 

298.60 

307.  15 

320.43 

330.77 

338.01 

345,05 

349.80 

353.61 

242.27 

EPS  ILON 

1 .030 

1 .  A99 

2.4,91 

3.223 

4.360 

7. 866 

14.365 

26,421 

40,739 

89.984 

166,058 

l.OOO 

shifting  expansion 


PRESSURE, 

PSIA 

3CC  .0 

125.7 

52.66 

22.06 

14.  70 

9.244 

3.873 

1.623 

.680 

.205 

.  1  19 

.050 

170.  7 

TtHP,  DEG 

K 

4540.4 

4177.6 

385  1.6 

3555.8 

342  3.4 

3273.1 

2900.4 

2675.0 

2415.6 

221 3.4 

2051.6 

1916.6 

4302. 3 

EsThALPY  I 

) 

.00 

31.  39 

59  .  39 

84.03 

95.  39 

IC7.14 

127.43 

145.44 

161.36 

175.57 

188. 38 

200.06 

20.78 

X  BAR 

**.210 

4.093 

3.979 

3.077 

3.033 

3.  788 

3.  716 

3,657 

3.591 

3.5  18 

3.443 

3.369 

4.136 

N 

4.218 

4 . 093 

3.979 

3.077 

3.833 

3.780 

3.716 

3.657 

3.591 

3.516 

3.443 

3.369 

4.136 

CP 

1.7526 

1.7603 

1.6786 

1.4719 

1 .3318 

1.1486 

.0178 

,  7  355 

.9157 

1.1539 

1.3763 

1.5544 

1.7652 

IPPLL  OPT 

165.05 

227.15 

271.04 

287,95 

305.18 

332.04 

355.61 

374,58 

390, 72 

404,74 

417,10 

134.21 

iMPl.L  VAC 

254,62 

285,40 

315.01 

327.34 

340.30 

361.61 

379,40 

394,60 

407.95 

419,83 

430.48 

248.83 

E»-  o  ILJ\ 

1.061 

1.650 

2.960 

3.993 

5.658 

11.061 

21.831 

43.860 

90.084 

188.283 

398.653 

1.000 

CCMPOSniCN  shifting  IMOl/IOO  GM) 


IJ2.60 

h 

.CCC4 

.0C02 

.CCCl 

.oocc 

.cocc 

.0000 

.0000 

.0000 

,0000 

.0000 

.0000 

.0000 

.0002 

-45.47 

H*F 

.7706 

.  7604 

,  7402 

.7200 

.7111 

.  7019 

.6873 

.667? 

.6256 

,56  74 

.5021 

.4349 

.  7671 

153.84 

e*F2 

.  16E9 

.1573 

.1421 

.  1234 

.1137 

.1018 

.0  773 

.0529 

.0350 

.0233 

.0156 

•  0103 

.1618 

270.00 

e«F3 

.ceil 

.nil 

.  1466 

.1055 

.2041 

.2252 

.2644 

.  3098 

.  3604 

.4382 

.5113 

.5837 

•  0996 

114.76 

E  •H 

.CCCC 

.ocoo 

,OCCC 

.0000 

.COCO 

.0000 

,0000 

.0000 

.0000 

.0000 

.0000 

•  OOOO 

•  OOOO 

66 .00 

e«H2 

.OCCO 

.oooc 

.OCOC 

.0000 

.coco 

.cooo 

.oooo 

.0000 

,0000 

.0000 

.0000 

.0000 

.0000 

18.00 

e*H3 

.CCCO 

.ocoo 

.OCOC 

.0000 

.coco 

.0000 

.0000 

.  0000 

.0000 

.0000 

•  OOOO 

.0000 

.0000 

199.30 

62 

.CCCO 

.ococ 

.OCCC 

,00C0 

.coco 

.0000 

.0000 

.0000 

.0000 

.0000 

•  OOCO 

.0000 

.0000 

124 .20 

P3«Ht»N3 

.CCCO 

.ncoo 

.OCOO 

.0000 

.coco 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

10.86 

F 

.5364 

,4059 

.2875 

.1028 

.1395 

.0953 

.0335 

.0069 

.001  3 

.0003 

.0001 

.0000 

.4505 

-64.50 

F*H 

1.4497 

1.5315 

1.5940 

1.6395 

1  .6553 

1.6691 

1.6772 

1.6393 

1.5437 

1.4166 

1.2785 

1.1390 

U5050 

5  8,60 

f«n 

.CCCO 

.ococ 

.OCOO 

,0000 

.coco 

.0000 

.0000 

.  0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.00 

F2 

.CCCO 

.0000 

.OCOO 

.0000 

.COCO 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

•  OOOO 

52.10 

h 

.  3260 

.2509 

.2C61 

,1650 

•  1490 

.1324 

.  1044 

.0773 

.0536 

.0364 

•  0246 

.0166 

•  2808 

79.20 

H**N 

.CCC3 

•  OCOl 

.OCOl 

.0000 

.0000 

.0000 

.0000 

,  0000 

.0000 

.0000 

.OOCO 

.0000 

.0002 

.00 

H2 

.0300 

.0308 

.0260 

.0238 

.0239 

.0253 

.0353 

•  0677 

.1274 

.  1995 

.2745 

•  3483 

.0331 

40.30 

H2»N 

.CCCO 

•  0000 

.OCOO 

.0000 

.COCO 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

-11  .04 

H3»N 

•  COCO 

.0000 

.OCOO 

.0000 

.0000 

.0000 

.0000 

,0000 

.0000 

.0000 

.0000 

•  OOOO 

.0000 

11 3.00 

N 

.0042 

.0C21 

.OCIO 

.0C04 

.C003 

.0002 

.0000 

•  0000 

•  OOOO 

.0000 

.OOCO 

.0000 

.0027 

.00 

N2 

•  8341 

.8353 

.8359 

.8362 

.8363 

.8363 

•  8364 

.  8364 

.0364 

.6364 

.8364 

•  8364 

.8350 
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I 

I 


I 

I 

I 

I 


ilCUIO  tlMOHlLAMI 

coMvshCdt  f«ff  r«i»uiA 

occ  K 

t«t 


PC 


pcn  p  fSi*  T(H9  ekr»kL»v 


I.OQO 

2.000 

I.-iCC 

4.000 

0.000 

*.000 

T.OOO 

0.000 

9.000 

to.ooo 

tl.OOO 

12.000 

13.000 

14.000 

to.ooo 

I*. 000 
11.000 
10.000 
19.000 
20.000 
21.000 
22.000 
23.000 
24.000 
23.000 
2*. 000 
27.000 
20.000 
29.000 
10.000 
31.000 
32.000 
33.000 
34.000 
33.000 
3*. 000 
37.000 
3*. 000 
39.000 
40.000 
41.000 
42.000 
43.000 
44.000 
43.000 
49.000 
47.000 
41.000 
49.000 
30.000 
3.223 


I  .0(0 
1.443 
10.14* 
I3.1C7 
2I.431 
39.9(3 
32.753 
<3.9)9 
19,430 
39.1  17 
111.4)3 
123.221 

149.149 
1*2.043 
1)3. 30 
13?-2f9 

217. 2»2 
237.324 
253.734 
230.1(3 
3(1. **.4 
123.1(4 
149. Ul 
3<*.9<2 
113.7(1 
410.922 
432.1(4 
459.720 
411.0(7 
9(4.719 
932.3(3 
959.250 
9(4. 0(7 
411.044 
440.127 
4(7.321 
439.433 
721.113 
751.2(1 
779.237 
3(7. 4(2 
319.952 
3(1.723 
331.912 
920.0(9 
943.247 
974.177 
10(4.472 
1032.929 
lOil .931 
1031.734 
20.414 


CiC  «  «C«l/l006»  OD  occ 


M/CC  |KC*l/3< 

1.900  -2.0 

0.420  «7.7« 

3*«2Lh  (l^ANSION 
C  9t*«  •  *210.1  ff/9fC 

C3  c*i/  1  *37  otLvoc  ofi-yAC  I  se* 


/p 


4943.4 

1990.9 
2*31.9 
2101.3 
20*3.* 

1904.2 

1731.3 
1*34.3 

1407.2 

1919.3 

1431.9 

1411.9 

1134.3 
1147.0 
nil. I 

1273.4 

1243.9 

1220.9 

1199.3 

1171.9 
1130.0 

1129.4 
1110.2 
1092.0 

1074.9 

1033.3 

1041.4 

1023.9 
1013.0 
1001.7 

9(9.1 
9  77.0 

443.4 

934.1 
94  1.7 

911.4 

921.4 

914.1 
904.9 

394.1 

337.3 
379.  1 
371.  1 

341.3 
334.0 

343.3 

141.7 
3)4.3 

323.2 

321.7 

313.4 
2241.0 


-.0* 
•21. *9 
-(7.2* 
-•0.40 
-•3.49 
-34.2* 
-33.4* 
-UI.T9 
-1(4.44 
-1(4.70 
•1(3.44 
-110.12 
-iu.*o 
-111. 12 
•114.10 
•119.17 
-U4.19 
-117.29 
-lll.O* 
•lll.b-> 
-119.9* 
-120.22 
-120.34 
-121.41 
-121.93 
-122.30 
-122.99 
-121.49 
-121.90 
-124.12 
-124. 72 
-123.11 
-123.4* 
-123.31 
-124. 14 
-124.49 
-174.30 
-177.10 
•177.19 
-127.47 
-177.94 
-173.20 
-173.49 
•123. *9 
-123.92 
-179.19 
-129.17 
•179,99 
-179,30 

-ue.oo 

-150.19 

-(2.72 


.149 

.142 

.191 

.149 

.149 

.141 

.140 

.11* 

.117 

.119 

.114 

.112 

.111 

.110 

.129 

.123 

.127 

.124 

.129 

.129 

.124 

.121 

.121 

.122 

.171 

.121 

.170 


IVL 


.111 

.111 

.112 

.112 

.112 

.112 

.143 


117.9 

242.1 

244.7 

277.7 
2*4.1 

292.4 

297.4 

101.1 

104.4 

107.1 

109.7 

111.* 

111.4 

119.2 

114.7 

11*. 0 

119.1 

120.4 

121.4 

122.4 

121.1 

124.1 

124.9 

129.4 

124.1 
127.0 

127.4 
12*. 2 
12*. • 

129.1 
129.* 
110.) 

110.7 

111.2 

111.4 

112.0 

112.4 

112.* 

111.7 

111.9 
111.3 

114.2 

114.5 

114.3 

111.1 

119.4 

119.7 
>15.9 
114.2 

114.4 
243.1 


104.7 

19.7 
>1.7 
27.2 

24.1 

22.2 

20.7 
19.4 
1*.4 
>7.4 
1*.3 
1«.2 

19.7 
19.2 

14.7 


.*41  212.*  2)9.7 

1.-941  2*2.1  2*3.2 

1.9) 4  2*7.9  274.9 

2.979  273.) 

).2)« 

).907 

4.94* 

9.19) 

9.044 

4.9) 0 
7.200 
7.044 
3.49* 

9.0)9 

9.47* 


HT.  •/* 

) 

37. 


1  AT 
90000 

2A1.2 

279.7 

291.1 
100.4 
)09.0 

103.1 
110.) 
>12.0 
)1).0 
111.3 
114.) 
114. A 
>14.3 


)A2.) 

732.0 

794.4 

104.3 

110.9 


14.1  1C. 1*9 

11.9  11.092 
11.*  11.7)4 
l).l  12.409 
D.O  11.074 
12.7  11.727 

12.9  14.)«9 

12.1  14.9*9 
12.0  19.994 

11.3  14.107 

11.4  14.7*2 

11.9  17.)*9 
It.)  1A.079 

11. 1  13.7*9 
11.0  19.490 

10.3  20.1)4 
10. T  20.017 

10.9  21.494 

10.4  22.172 

10.1  22.044 

10. 1  21.910 
10.0  24. 1 70 

9.9  24. *29 
9.*  29.47? 
9.7  2*. 112 
9.4  24.744 
9.9  27.)** 
9.4  27.9*4 
9.)  2*. 991 
9.2  29.191 
9.2  29.702 
9.1  )0.)*9 
9.0  >0.9)9 
*.9  11.9)7 
*.*  )2.219 
>0.9  2.074 


24*.  1  277.1  291.) 


1.20* 

l.)99 

I.)** 


1.299 

1.4*1 

1.9)9 

1.979 

l.*09 

1.411 

l.*4* 

1.4*2 

I.4T) 

1.4*1 

1.4*2 

1.4*9 

1.70* 

1.712 

1.717 

1.722 

1.72* 

1.710 

1.7) 4 

1.7) * 
1.741 
1.744 
1.747 
1.749 
1.792 
1.794 
1.797 
1.799 
1.741 
1.74) 
1.7*9 
1.7*4 
1.74* 

1.770 

1.771 
1.771 
1.774 
1.779 
1.777 
1.77* 
1.779 
1.7*1 
1.7*2 
l.T*) 
l.T*4 
1.7*9 
l.7*« 
1.7*7 
1.7** 


1 


e*9K«A 


1.000 
2.000 
1.000 
4.000 
9.000 
4.000 
7.000 
*.000 
9.000 
10.000 
11.000 
12.000 
D.OOO 
14.000 
19.000 
I*. 000 
17.000 
I *.900 
19.000 
20.000 
21.000 
22.000 
2). 000 
24.000 
29.000 
24.000 
27.000 
2*. 000 
29.000 
>0.000 
>1.000 
>2.000 
)).000 
i4.000 
>9.000 
>4.000 
17.000 
)l.000 
)9.000 
40.000 
41.000 
42.000 
41.000 
44.000 
49.000 
44.000 
47.000 
40.000 
49.000 
90.000 
).99) 


AC/f 

l.OCO 

1.757 

*.0)9 

1).*C9 

20.4(4 

27.417 

39.13) 

41.240 

51.414 
(0.1(0 
(*.9)0 
74.95) 
(4.447 
94.251 

1(4.234 
1  14.134 
124.494 
1  34.449 
144. *(4 
19*. *79 
!(*.*<* 
17*. 743 
l«*.774 
190.1(0 
2C9.9(4 
221.150 
232.3)4 
244. *C) 
25*. 41) 
2(1. )C7 
230.2(3 
292.1 19 
>04.024 
>19.914 
>27.771 
339.9(4 
391. 343 
)()«090 
374.434 
33*. 244 
397.724 
4C9.124 
420.449 
431.330 
443.093 
49*. 112 
*(9.2(7 
4*2.372 
499. *C1 
9C*.*90 
922.232 

20.414 


(5U  t(M( 
C(C  > 
00  494*. 
0  4)02. 
)  374  1. 
9  3990. 

•  3422. 
9  ))24. 
9  3247, 

•  31*0. 
2  1122. 
2  )07l, 
9  3024. 

•  29(2. 

0  294), 
7  2904, 
4  ?*72. 
9  2*41, 
2  2(12. 
9  27(9. 
4  2799. 
2  27)9, 

•  271). 
7  2492, 
4  7472, 
4  2494, 

2  24)7. 
7  2(20, 

•  2409. 
4  2990, 
0  2974. 

•  29*3. 
1  2990. 
7  29)7. 
7  292*. 
0  2914. 
9  290). 

3  249). 

4  24*3. 

2*  2473. 
101  2444. 
77  2499. 
4  244*. 

3  243*. 

4  2430. 
9  2422. 
7  2414. 
(  2407. 
9  2400. 

22  2)9). 
i09  2)*7, 
90  23*0. 
4  2)74, 

•  3423. 


4  - 


•  - 


9  - 


2  - 


■CA17tOOOA 
-.0* 
-20.7* 
•(•.49 
-(*.94 
-99.49 
0.09 
(9.0) 
l).(9 
17.9* 
21.4* 
7*. 99 
77.27 
29.  72 
)1.99 
l).94 
39. (1 
37,92 
39,11 
*0.99 
*1.97 
«).24 
**.4* 

•  9.4) 
*4.72 
*7.79 
*(.7) 
•9.44 

90.99 
91.40 
92.21 

52.99 
9). 74 
54.44 
59.1* 
59. •) 
5*. 47 
97.09 
57,70 
9*. 2* 
9*.*9 
99.39 

9.9) 
(0.44 
(0.94 
(1.4) 
(1.91 
(2.37 
(2. *2 
0.2* 
().*• 
(4.  to 
99.  )9 


ShKTIHC  (AAAMllON 
(  9t*(  •  44*1.2  *t/S(C 
(A  (41/  I  9Af  0(iV4C  0CiV4t  I  S(*  I  A7 


1  - 


7  - 


)  - 


CM  0(C 
1.79) 
1.74$ 
l.(22 
l.*«t 
l.))l 
1,219 
1.114 
1.0)) 
.94) 
.909 
.09* 
.*20 


1)4.2 

244.9 

271.7 
2*(.0 
299.* 
)07.9 
)l*.7 
)20.) 
329.0 

129. 1 
))2.4 
3)9. • 
))*.7 

341. ) 
)4).4 
349. ( 
347. • 
>49.4 
391.) 
)92.9 
>94.4 
>99. • 
>97.2 
39(.4 
)$9.( 
>*0.7 
)41.( 

342.  ( 
34). ( 

344.7 
3*9.4 
)**.9 
347.) 
34*.  I 
34*. 9 
349.4 

370.3 
371.0 

371.4 
372.) 

372.9 
37). 9 

374.1 

374.7 

379.2 

379.7 

374.3 
37*.« 

377.3 

377.7 
2*7.9 


114.4 

91.9 

4).* 

19.4 
>4.9 

94.9 

32.9 

31.4 

30.5 
29. ( 
2*.* 
2*. I 

27.9 

24.9 
24.4 

29.9 

29.9 

29.1 

24.7 

24.4 
24.0 

23.7 

23.9 

23.2 
23.0 

22.7 

22.9 

22.3 

22.1 

21.9 

21.7 

21.4 

21.4 
21.) 
21.1 
21.0 
20.* 

20.7 

20.4 

20.9 

20.3 
20.2 
20.1 
20.0 

10.9 
10,* 
lO.T 

19.4 

10.3 

10.4 

30.4 


tP 

.*71 
1.30* 
2.019 
?.*•» 
3.3*9 
4.037 
4.  73* 
9.491 
4.112 
4.7*9 
7.  300 
*.009 
*.*09 
9.919 
0.22) 
0.017 
1.907 
2.2*1 
2.01) 
3.949 
4.1*0 
779 
.9.40) 
4.20* 
4.024 
7.440 
*.994 
0.0*9 
0,773 
'0.479 
173 
1.0*4 
949 
3.224 
3.004 
!4.997 
3.209 
9.09) 
14.4*0 

7.119 
7,732 
’*.341 
;«.04i 
10.991 
>0.2*4 
>0.070 
U409 
>2.412 

3.120 
3.04* 
2.601 


7)4.0  241.9 

279.9  2*2.0 

2*9.9  29*.* 

299.* 


2*7.0  209.9 


I  AT 
90000 

2*7.7 
293.9 
112.0 
)22.* 
)>0. 1 
))9.9 
)19.9 
)*2.* 
1*9.1 
)*T.l 
)•*.* 
390.  I 

391.1 
)91.9 
392.4 
39). 1 
>9). 9 
>9).* 
394.0 

994.2 


322.* 


I  VAC  CA  SIA  CA  VAC 
CVL 


1.2)9 

l.)TO 

1.419 


1** 
471 
9** 
429 
k*7 
*99 
729 
747 
7*9 
7*1 
794 
•07 
•  1* 
•  2* 

•  37 
*49 
•9) 
•»0 

•  *7 
17) 

•  79 

•  •4 

•  90 

•  94 

•  99 
904 
90* 
912 
91* 
919 
921 
92* 
930 
93) 
93* 
939 
942 
944 
947 
990 
992 
999 
997 
99* 
9*1 
9** 
9** 
9*0 
970 
072 
*29 
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1 


1 

1 

1 


PRESSURE  profile  DATA 

SYSTEP  LICUID  HIPRCP£LLA\T  PC  300.  PSIA 


COMPOKENT 

TREF  FORMULA 

DENSITY 

HEAT  FORM 

mT 

DEG  K 

GM/CC 

UCAL/FORM.wT  . 

) 

ISe  N2»F4 

1.50C 

-2.0 

9C 

2<ik  ftS*H9 

0.620 

♦  7.  /4 

1C 

HULK  CENSITY  =  1.314  GM/CC 

HIXTuRE  RATIO  =  9.0CO  LR  OXlOIZFR  /  LB  OF  FUEL 


PRESSURE  PROFILE  DATA 


chamber  entropy  247.se  EU/iOCGMS 


PRESSURE.  PSIA 

CHAMBER 

3CC.0  120.7 

02.66 

22.06 

f M07FN 
14.70 

FXPANSl 

9.244 

OK 

3.873 

1.623 

.680 

.280 

.  119 

.050 

THROAT 

162.5 

TEMP, 

DEG  K 

4063.6 

3720.8 

3C3S.C 

2460.8 

2230. 3 

1996.7 

1610.5 

1292,7 

1032.0 

819.2 

646. 7 

507.9 

3956.6 

enthalpy  (-) 

.01 

29.21 

52.6  3 

7  1.68 

79.30 

87.13 

99.62 

109.67 

1  17.72 

124.13 

129,20 

133.19 

21.34 

CP 

.  3442 

.  3409 

.  3  369 

.  3322 

.  3296 

.  3266 

.3198 

.3123 

.  3047 

.2973 

.2908 

.2849 

.3417 

ihpll 

OHT 

108.04 

212 .94 

248.83 

26 1.82 

274.02 

293.64 

308,17 

319. 33 

327.94 

334.60 

339.76 

134.61 

IMPLL 

YAC 

239.96 

262 .47 

283.27 

291.49 

299.80 

312.70 

322. 70 

3  30.06 

336.62 

341.32 

344,95 

236.75 

EPSILON 

1.C37 

1.497 

2.483 

3.212 

4.301 

7.031 

14.294 

26.286 

48.492 

09,554 

165.340 

l.COO 

PRESSURE,  PSIA 

30C.O 

120.7 

02.66 

22.06 

Shifting  expansion 

14.70  9.244  3.873 

1.623 

.690 

.280 

.  119 

.050 

171.3 

TtMP, 

DEG  K 

4063.6 

4219.0 

3926  .1 

36  7  1.4 

3063.1 

3446.4 

3244.2 

3009.2 

2  8  66,0 

2718.6 

2046.2 

2342.0 

4335.3 

enthalpy  (-) 

.01 

30.00 

57.43 

81.78 

92.37 

103.92 

124.15 

142.70 

159.76 

170.46 

189.91 

203.10 

20.21 

X  BAR 

4.C20 

3.H09 

3.  767 

3.604 

3.6C3 

3.548 

3.401 

3.  361 

3.279 

3,206 

3. 142 

3.095 

3.935 

N 

4.C20 

3.889 

3.  767 

3.604 

3.603 

3,048 

3.401 

3.  361 

3.279 

3.206 

3. 142 

3.095 

3.935 

CP 

2.1270 

2.3707 

2.0730 

2.6837 

2.7002 

2.6908 

2.0935 

2.38  36 

2.0681 

1 ,6451 

1.1283 

.6120 

2.2922 

IMPLL 

OFT 

161.04 

222 .03 

260.90 

282.70 

299.94 

32  7.9  7 

301 . 71 

372.21 

390,  13 

405.92 

419.02 

130.94 

IMPLL 

VAC 

249. 36 

279.99 

3C9.01 

321.97 

330.19 

307.48 

376.99 

394, 19 

409.44 

422.96 

434.75 

243.56 

EPSILO 

■* 

I.C62 

1.659 

3.006 

4.063 

0.798 

11.088 

23.68  T 

49.169 

103.096 

217. 1C3 

453.901 

1. 000 

1  J2.bO 

b 

.CCC  1 

.OCOl 

.OCCO 

CCMPOSinCN  SHIFTING  (“OL/lOO  OH  J 

.0000  .COCO  .0000  .0000  .0000 

.0000 

.0000 

.0000 

.0000 

.0001 

-4S.47 

e«F 

.4632 

.4261 

.  3E91 

.  30  30 

•  3  366 

♦  3182 

.2649 

.2033 

.  2236 

.1962 

.1726 

.1561 

.4394 

1  JJ.64 

etF2 

.  1  7b4 

.1631 

.  1444 

.1243 

.1100 

.  1040 

.0809 

.0690 

.0541 

.0412 

.0298 

.0194 

.1691 

270.00 

etF3 

.  1497 

.2C22 

.2080 

.3142 

.  3399 

.3688 

.4207 

.4691 

.5138 

.55.1 

.5091 

.6160 

.1630 

114.76 

e»H 

.OCCO 

.0000 

.ocoo 

.0000 

.0000 

.0000 

.OCOO 

.0000 

.0000 

.0000 

.0000 

.0000 

.OCOO 

O6.00 

B*H2 

.ccco 

.0000 

.ococ 

.0000 

.COCO 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

•  0000 

.0000 

18.00 

e«H3 

.OCCO 

.0000 

.ocoo 

,0000 

.0000 

.0000 

.0000 

.  OCOO 

.  0000 

,0000 

.0000 

.0000 

.0000 

199.30 

£2 

.OCCO 

.0000 

.ocoo 

.OCCO 

.0000 

.0000 

,0000 

,0000 

.0000 

.0000 

.0000 

.0000 

.0000 

124.20 

e3*Mfc»N3 

.uoco 

.0000 

.ocoo 

.0000 

.coco 

,0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.ocoo 

U.86 

F 

.9403 

.6128 

.6E95 

.0701 

.0246 

.4692 

.371  5 

.2010 

.  1992 

.  1253 

.0619 

.0161 

.8589 

-64.00 

F«H 

1.2464 

1.2892 

1.3  197 

1. 3418 

1.3001 

1.3083 

1.3700 

1 .3807 

1  .  3885 

1 . 3948 

1.3997 

1.4021 

1.2757 

oe.bO 

FtN 

.COCO 

.ococ 

.OCOO 

.0000 

.0000 

.0000 

.0000 

,0000 

.0000 

•  0000 

.0000 

•  0000 

.0000 

.00 

H2 

.CCCl 

.0000 

.ocoo 

.0000 

.coco 

♦  0000 

.0000 

.0000 

.  0000 

.0000 

.0000 

.0000 

.0000 

02.10 

H 

.  1098 

.1226 

.0909 

.0763 

.0686 

.0610 

.0000 

.0409 

.0335 

.0274 

.0222 

.0178 

.1344 

79.20 

H«N 

.CCC2 

.0001 

.OCOO 

.0000 

.0000 

.0000 

.0000 

,0000 

.0000 

.0000 

.0000 

.0000 

.0001 

.OC 

H2 

.0092 

.0064 

.0C45 

.0033 

.0029 

.0025 

.0019 

.0016 

•  0013 

.0012 

.0014 

.0024 

.0072 

40.30 

H2#N 

•  OOCO 

.0000 

.OCOO 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

-11.04 

H3«N 

.COCO 

,0000 

.OCOO 

.0000 

.COCO 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

113.00 

N 

.0044 

.0024 

.0C13 

.0007 

.0005 

.0004 

.0002 

.0001 

.0001 

.0000 

.0000 

.0000 

.0029 

•  00 

K2 

.8630 

.8640 

.8646 

.8649 

.8600 

•  8651 

.8602 

.8652 

.8652 

.6652 

.6652 

.8653 

.8637 
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SVST€I>  LKUIO  •trUeMt.LANI  PC  SOOi  »Si* 

CQIOOIkFKr  fair  FMHULft  DfNtlfy  HiAl  FOaa 

oec  K  6N/CC  (KCAL/FMH.Hr. 

t«t  II2*F4  |.«00  -2.0 

24a  t5*H«  O.*20  *7.7* 

fae/fM  iiFANSieN 

c  staa  ■  *044.0  Ft/scc 

liaa  eaiFALPv  cp  cal/  i  opi  oclvac  oclvac  i  sc*  i  at 


0(C  A  KCAL/IOOOH  ca  016 


.)«* 

.1*2  IS*.*  102.1 

.11*  2s*.a  so.* 

.110  2St.*  so.a 

.12T  271.2  24.* 

.12S  27*. «  2S.* 

.121  2*5.1  21.4 

.121  24C.5  20.1 

.120  2**. 2  la.* 

.11*  2*7. «  17.* 

.117  100.1  17.0 

.11*  102.*  14.1 

.115  10*.*  15.7 

.111  10*. 2  15.2 

.111  107.1  14.7 

.112  SO*. 2  l«.l 

.111  SlC.l  11.* 

.110  111.7  11.5 

.104  112.*  11.2 

.104  111.*  12.4 

.10*  It*. 7  12.* 

.107  115.*  12.1 

.107  II*.*  12.1 

.M*  117.1  11.4 

.10*  117.4  11.7 

.105  110.5  11.5 

.105  114.2  II. 1 

.10*  114.1  II. I 

.10*  120.1  10.4 

.101  120.4  10.* 

.101  121.*  10.4 

.101  121.4  10.5 

.102  122.1  to. I 

.102  122.*  10.2 

.102  121.2  10.1 

.101  121.*  10.0 

.101  12*. C  4. a 

.101  12*.*  4.7 

.ICO  12*. •  4.4 

.100  125.1  4.5 

.100  125.5  *.* 

.254  125.*  4.1 

.254  124.1  4.2 

.244  124.*  4.1 

.24*  12*. 7  4.0 

.24*  127.0  4.0 

.24#  127,1  *.* 

.24*  127.*  *.* 

.247  127.*  0.7 

.247  12*. 1  *.* 

.247  12*. I  *.4 


11.4  10.12* 

11.5  10.74* 

11.2  11.*** 

12.4  12.121 
12.*  12.771 

12.1  ll.*07 

12.1  1*.010 

11.4  l*.*l* 
11.7  15.224 

11.5  15. *01 
II.  1  1*.1*2 
II.  I  1*.*4* 

10.4  17.**5 
10.*  la.ii* 
10.*  14.001 

10.5  14. *72 
to. I  20.11* 

10.2  21.001 
10.1  2l.**t 
10.0  22.11* 

4.*  22.4** 
4. 7  2). *10 
4.*  2*. 2** 
4.5  2*. *7* 
4.*  25.502 

4.1  2*.lia 

4.2  2*. 72* 
4.1  27.125 
4.0  27.417 
4.0  21.501 
*.4  24.07* 
*.*  24.**! 
4.7  10.201 
4.*  10. *11 
4.*  }|.**0 


.110  2*1. t  24.7  2.014  2*1.*  270.1 


1.207  1.25* 

1.154  l.**l 

l.U*  1.515 
1.574 
1.40* 
I.AIO 
l.**7 
1.4*1 
1.AT2 
l.**2 
1.A40 
1.44* 
1.70* 

1.710 
1.71* 
1.720 
1.725 
1.724 

1.711 
1.71* 
1.714 
1.7*2 
1.7*5 
1.7** 
1.750 

1.753 
1.755 
1.75? 

1.754 
1.74* 
1.741 
1.745 
1.744 
1.74* 
1.744 

1.771 

1.772 
1.77* 
1.775 
1.7  7* 
1.777 
1.77* 
1.7*0 
1.7*1 
1.7*2 
1.7*1 
1.7*4 
1.7*5 
1.7** 
1.7*7 

1.1*4  1.5** 


5MlPT|itC  fx4*N5l»*« 

C  $1**  •  *1*7.*  #T/J€C 
CP  C*l/  I  9Pt  0(LV*C  OlLVAC  1  5U 
6*  0(6  /P  L«L 

2.127 

2.242  110.4  112.*  .*5*  211.4 

214.)  51.0  1.15*  270.4 

2*5.*  4l.*  1.474  2*0.4 

2*1.4  14.5  2.412  2*2.7 

243.1  1*.*  1.74* 

2.***  101.5  1*.4  1.450 

2. *75  10*. 2  11.5  4.4S* 

2.454  111.*  12.1  5.121 


27.1  11.1*7 

24.7  12.05’ 

24.4  12.711 

24.2  11.351 

25.4  11,47* 

25.7  14.5*4 
25.4  15.174 

25.2  15.745 
25.0  14.441 


2.240  142.1  21.5  22. 7M 
2.22*  141.1  21.4  21.411 


1.44* 

2.000 

1.41)  1.412 


AERONUTRONIC  DIVISION 
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AERONUTRONIC  DIVISION 


SYSTEM 
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Pi^CSSUHf  P^OFUt  Lfllft 

SVSTFP  LUhll  -JlPHfiPHL&NI  lOOO.  ;>SIA  Pf  O.I  t^su 


CCMPON^  N 1 

I  Kt  F  F  tVHl'l  A 

1  ut.SI  IV 

•LAt  f(vv 

M  1 

.  (VC 

1  to  A 

4P/CC 

lAOAl  /f  (  4 

^  .  h  t  .  1 

r  N2»H4 

1.CC4 

♦ 12.C6 

SM 

2V^  kS«F7 

c.rpc 

♦  7.  /4 

4  6 

i  ..LK 

LLNS I  T  Y 

-  ,/PI  liP/tC 

TC«t  PATIO  =  1. 

174  Ln  CX 1«  I2t  H 

/  Lf-  Pf 

FI  LL 

pwf  SbLPt 

PK  ‘f  ILL 

CATA 

ChAPf^t  K 

»  M  HCPY 

362.92 

1  u/  ii-r 

L»**  6 

CHA»'BFw 

FMO/t\ 

t  <PANbl  CN 

PMESSLRE,  PSU 

ICCC 

391- .  1 

1  b  >• .  •> 

63.  1C 

2b.  1? 

14.70 

1  J.OO 

3.V»  1 

l.Sfl  > 

.0  5  1 

.26  1 

.  1  (-  0 

b  7  1 , 6 

TfKP,  t)tG 

P/i/,b 

2423. 1 

2M/./ 

In96.  1 

1666.0 

Ib4  3.  3 

1469. y 

1276.; 

1  1  0  y  .  9 

VO?.  4 

n3)..) 

7lu.  1 

?-)4  3.  3 

EMPALPy  {-) 

•P^,Pk 

b.  70 

<3.  71. 

bH.  ‘>6 

1"“  36 

9  1  .  M 

99. ‘,1. 

1 16,, 7 

1 3.;,  /:■ 

145.6/ 

r>4 , 6‘' 

)  (>  4  ,  (.  6 

-6.2  7 

CP 

.  9924 

.  97  i3 

.  VS  7  1 

.y  3»-6 

.92M 

.  M  '  6 

.^VS4 

.  724 

,  M  u  ^  5 

.  '  t .  V 

.  7  ;4-< 

.  77  7  / 

IPPUL  OPT 

Iftb.VC 

2^  7,P6 

271.12 

364.  12 

32C. CH 

3  3  '.  3n 

V>I . 76 

3f.  y.  37 

3  '4.  .3 

'V6./« 

4i>6,  S4 

M  u .  y  2 

IPPUl  VAC 

?bC.b4 

?'2.6  1 

311.6‘> 

33S.'r7 

34H.02 

'6b. y  V 

3/>. 7C 

3»'o,  7  y 

3y.3.  66 

4  ■ "  5 

4  16.72 

245, 4/: 

fcPSUfP, 

l.C7y 

I.7'>2 

3.;  b»-. 

6.411 

9.646 

12.990 

26. 769 

•>•>.7  36 

1  1  A  .  7  c>  3 

?4  6  »  4^  ') 

b  )o.  34u 

l.CCu 

M-If  I  |Fo  F  XVAKS  ICN 

PRESSLREt  PSU 

ic:o 

39*-,  1 

Ibr.b 

6  3.  10 

2‘..  1? 

14.7) 

IO.no 

3.  yn  ) 

1  .'./'•> 

.  A  3  1 

./M 

ICO 

S  7  b  •  y 

ffpp#  nec  < 

2  /  w  .  S 

24P  1  .L 

2^2*..  V 

U6  V.  V 

1736.2 

1610.7 

IS2S.  1 

1  336.4 

M  6  •>  .  3 

I'M  5  .  y' 

rV7.4 

7  6  A  .  1. 

V 

ENTHALPY  I-) 

-2b. 94 

b.99 

34. AS 

60.  14 

'-2.6  6 

94. -jC 

102. 4H 

1  1  y  .  y' s 

'  3  6.C-> 

16  9.76 

1  6  V  ,  y 

-  y .  u  0 

X  HAk 

6.  /Oi 

6.f/>l 

6.64  7 

A.  64  7 

6.647 

6.64  7 

6.04  7 

6 . 6  4  7 

*>.64  7 

0.647 

0.64  7 

y>  •  6  7  6 

N 

1C. 

IC.^H/ 

K  .^‘•4 

lC.2-'b 

lC.2r6 

1  J.267 

Ij.py/ 

l0.2'  7 

1 0. 2';m 

10.2  v-* 

1  u .  2  *  >' 

1  ;.2V5 

CP 

1 .aC4V 

1  .  1  VV/- 

1 .04  14 

.9>-24 

.961? 

.  9  369 

.92/-  1 

.  V.j  >  7 

.  H  1  3 

.H-,  7  7 

.-333 

.2064 

1.  5?7c 

IPPLL  CPf 

166.67 

229. bb 

273.6 j 

307.  3  7 

32  3.6P 

3  34.2  3 

366.  1  3 

374.23 

3h9.  30 

4^1.93 

412,63 

1  5".  5r 

IPPcC  VAC 

?b2.43 

✓  t  *1.  /P 

ilb.C2 

3  32,  -  2 

3S2.2H 

366.46 

i77.6y 

392.12 

4  ‘4  .  ^  A 

4)4.47 

425.07 

244. P,- 

EPSUCN 

l.CPi 

I  .  /AV 

3.2?H 

6.49  9 

9.  7''6 

1  5.1';7 

y  7.2^2 

So.  7 »  ■  j 

1  1  y.26ft 

?S  1  .  lb  1 

S2  y.  6  y  3 

i.OOu 

COPPCb  I  1  IO‘N  SmIFIINO  (FCl/lCO 

0“} 

l57.eC  ri 

.CCO  1 

.CCOC 

.  JlOO 

.COCO 

.LOCO 

.'TOGO 

.  V  C  C  o 

.Ol(  C 

.  c  Cl.  r 

.  :c 

.  C  0  L  C 

.CCCo 

114. 7t  P«h 

.c:cc 

.  (  CCO 

.0(^c 

.ccoc 

.ooco 

.CCOO 

.CCCC 

.0C(  c 

.eooc 

,00  0  c 

.  e  i ' 

.«rcc 

.CCC- 

66. OC  e»H? 

.c  i;i 

.CC4  1 

.CCM 

.0uU2 

.uCCO 

.0000 

.  6000 

.ooou 

.  >0uo 

.  JOnC 

.  ‘  •  fj  1,  0 

.UOOO 

.rooo 

ib.oc  e«Hi 

.C2  39 

.(  M3 

.  0C6f 

."030 

.0012 

.000  7 

.0004 

,COC'  1 

.cooo 

.ooL-r 

.  ^  C*" 

.uOCv3 

.0169 

199. jC  P? 

.croc 

.CCCC 

.CCOC 

.OCOC 

.OOC^ 

.ocoo 

.ccco 

.0006 

.LOCO 

.  C  C  -  (■' 

.  C  ^  1  ' ' 

...rco 

.'.OCu 

I7U.2C  e3tht«Nj 

.ccoc 

.cccc 

.core 

.OCCC 

.COCO 

.COOC 

.orct 

.core 

.rooo 

.oour 

.cote 

.CO'  : 

.GCOo 

b2.  1C  H 

.Cb/7 

.C294 

.OMC 

.004? 

.no  M 

.  0004 

.001  2 

.  O'lO'l 

.oocn 

,  0  JI  1.' 

. 

.05^4 

?V.2C  H-N 

.ccon 

.OCCC 

•  OcOO 

.Cooo 

.noco 

.0000 

.OOOO 

.ouoo 

.0000 

.U0(  c 

• C'  0 

.  C  C '  0 

.COC^ 

.CC  hP 

6  .  b  7  2  1 

6.6C  ft' 

6.62M9 

6.6400 

6.6444 

6,646S 

A. 6460 

ti .  64  »•  6 

y  .6467 

0.0407 

6.64/  7 

b.y>4  6  7 

6.b9b4 

40. 3C  hP*^ 

.ccoc 

.CCCC 

.  JCCO 

.OCOC 

.cccc 

.COCO 

,rcco 

.CCOC 

.coco 

.DOCC 

.CCi  0 

.uOCC 

.COC>y 
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ws.rsi 
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P.27<a 

7.60  I 
7.00 
6.3U 

6.076 
3.69C 
3. 169 
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1.916 

1.  73C 
1.379 
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2.69  I 
2.39P 
2.31C 
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I3C3.9 

I68(,6 

1639. 7 

1637.6 
(621.2 
(6C6.2 
(138.1 
(171.6 

1139.9 
t  166.9 
(116.3 
1121.0 
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6.27 
-19.1(6 
-33.71 
-63.63 
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31H.316  6.190  1307.1  -133.91  .906  360,0  33.1  9.766 

269.096  9.019  1377.9  -125.30  .905  161.0  31.9  9,691 

atl.O/O  1.01C  1360.3  -l?6>7t  .907  >63.0  31.7  9.66C 

271. 911  1.696  1399.9  -179.01  .901  361.0  31.9  9.876 

3P6.I20  1.69S  1391.0  -139.7/  .900  161.9  71,3  6.093 

390.036  1.  160  1363.9  '  176.90  .  89  9  366. 8  31.1  6. DC 

111,633  J./b9  1339.0  -127,31  .898  369.6  30.9  6.927 

336.933  1.001  1137.9  -127.89  .897  566.6  30.8  6.7NS 

>!7.9C0  3.963  1330.3  -128.96  .896  367.2  70.6  6.96b 

390.969  2. 093  Mil. I  -129.  17  .899  367.9  20.9  7.  179 

563.663  3.79C  MC6.3  -179,70  .896  36P.7  20.1  7.390 

376.776  3.696  1299.7  -ISO. 37  .893  369.6  30.7  r.6C6 

109.939  2.969  13VJ.1  -IJ0.9S  .893  37C.O  3«.0  7,816 

0CJ.  112  2.681  1207. 1  -ID.9C  .892  370.7  19,9  8,03/ 

616.399  3.602  1301. I  -132.06  .891  371.3  19.8  0.33/ 

629.979  2.138  1379.3  -132.96  ,890  171.9  19. 7  8.669 

693.691  3.799  1369.9  -133.06  .889  373.9  19.9  8. 692 

695.706  3.196  1266.0  -193.99  .699  373.1  19.6  0.896 

6E8.09/  3.131  I3S0.6  -136.03  .BMP  371.6  19.1  9,099 

601.973  2.079  1291.6  -156. 90  .887  376.2  19.3  9.399 

699.0C6  7.030  1768  3  -136.95  .B8T  376.7  19.1  V.697 

507. 9ES  1.969  1261.3  -155,39  .886  379.3  19.0  9,696 

930.910  1.920  1250.6  -139.83  .889  579.7  18.9  9,060 

933.776  1.873  1333.7  -136.36  .009  376.7  10.8  10.054 

966.977  1.030  1239,0  -116.69  .886  376.7  10.7  10.73V 

60.066  16.696  1699.1  -97.68  .959  328.3  29.0  1.973  338.3  337.1 


I  At 

SUCOO 

368.0 

3  IS. 6 

119.6 
176.0 
119.0 
>90.0 
399.) 

396.6 

391." 

)S9.> 
DA. 9 
>t9.0 
360.8 
)A7.9 
16). 6 
169,  I 
166.2 
367.  1 
168.2 

369.1 
>69. V 

170.7 

171.1 
172. C 
3)3.6 
171.  I 

171.6 
3/9.0 
1)9.9 

179.8 

379. 1 

379.9 
1)9.7 

179.9 

376.2 
1)6.9 

376.6 
3)6.) 
1)6.9 
37). C 

177.2 
DT.l 
srr.9 
3)7. S 

377.6 

377.7 
>77. P 
377.0 
3)7. V 
3  77.9 
356.0 


I  VIC 


36N.9 

296. 1 
3  I  >.6 
>37.9 
339.7 
>62.  I 

367.1 

551.1 
59k. V 
398. 0 
lAO.  7 
5A1. 1 
>69.2 
>67.2 
369. C 
>70.6 
3  72.1 
373.) 
>79.9 

376.1 

377.2 

378. 3 

579. 1 

>00. 1 

381.2 
383.  I 

382.9 
383.) 
.386.9 
>09.3 
5P9.9 
SP6.6 

387.2 

387.6 

180.9 
3P9.0 

389.9 
390.  I 

390.6 

391.1 
1VI.6 

392. 1 

393.6 
593.0 

543.9 
393. Ii 

399.3 

396.6 
39S.0 

595.6 

597.3 


LF  SFA  C7  vac 
LVL 

1.231  1.216 

1.639  1.969 

1.919  1.666 

I.S61  1.623 

1.609  1,666 

1.606  1.649 

1.617  1.731 

1.63  3  1.  76  1 

I.b36  1.769 

1.776 
I.TNt! 
l.nOO 
1.010 
I.II20 
1.l>39 
1.037 
I.K69 
1.092 
1.090 
I.r66 
1.070 
l.'i79 
l.itNO 
1.889 
1.88/ 
1.(96 
l.(9b 
I.VO? 
1.40b 
1.909 
1.913 
I.VI6 
1.414 
1.922 
I.V29 
1.428 
I.V3I 
1.433 
1.936 
l.'MK 
I.V6  I 

1.965 

1.966 
1.96H 
I.VSb 
I.9S3 
1.996 
1.996 
1.990 
1.960 

1.637  1.771 
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c 


Pf'ESSDNfc  PKOflLE  C«1A 

SYSTEM  LitUin  hlPROPELLAMT  PC  1000*  PSU  PE  0.1  PSU 

CCMP0^fe^T  r«Ef  FOPMUtA  CfNSITV  lifcAl  Ml.  C/I} 

CEli  K  GM/CC  IHCAL/f  PPM.wI  .  » 

2<9H  N2«Hii  I.OCA  02.03  ‘iP. 

29P  KS«H9  0.620  *?,fu  4?, 

eULK  UENSI TV  «  ,19/  GK/CC 

►  IXTLKC  SAflfl  *  1.5b  I  IB  CXIOIZtP  /  LP  tF  FtEL 

PRESSUMF  PkOFUE  CATA 
CHAHbEK  EMRCPy  5So.5/  UJ/ICOgPS 


CHAMbEK 

THftO*4 

FROZEN 

t<PAKSICK 

PRESSLRE* 

PilA 

ICOO 

39e«  1 

Ibf  .S 

63.  IG 

Pb.  12 

1*4.  ZO 

IC.CC 

3.9>-  1 

l.bHb 

.631 

.2bl 

.  100 

b70.  7 

TEMP,  DEG 

X 

??99,Q 

2*46?. A 

21  ?U.*4 

190*4.6 

1 66  ?  .  1 

Ib40. V 

14NS.2 

I26b.9 

1097. 2 

94  7.2 

d  14. 1 

696.  1 

2b92. 7 

ENTHALPY  1 

1-J 

-26. -SS 

S.  7? 

i**.be 

b9.9l 

«2.C9 

95.  ?0 

101  .4V 

1  IP.  59 

1  55. C6 

US.  76 

1.46,70 

166. Ld 

-6.b3 

CP 

•  99R6 

.  96  12 

.9*4  51 

.92*4‘> 

.9159 

.9043 

.bbl  5 

.Mbc  3 

,854  1 

,8CK7 

.  7PCS 

.9847 

IMPUL  OPT 

I6H. ?? 

231.5? 

2?'4.Bb 

507.99 

325.9  ? 

5  54  .<•? 

ibS.bP 

375.  10 

.587.62 

399.70 

4  0V,  79 

133.29 

IMPUL  VAC 

2S*4.6S 

2b6.tt9 

3IS.SV 

53V. HO 

3SI.92 

3S9.h3 

576, *.0 

3V0. 5H 

401.98 

411.67 

4  19.77 

247. bd 

EPSUCN 

l.OTti 

1.  ?57 

5.?22 

6.522 

9.49b 

12. 772 

<  6.256 

b4.440 

115.628 

257. 9CS 

4  9d.  59  7 

I.OCg 

Ship  f IKG  EXPANSION 


PReSSLKEi 

P$|A 

1000 

598.1 

IbF.b 

65,10 

2S.  12 

14. 7C 

IC.CO 

S.yivl 

l.bfiS 

.63  1 

.25  1 

.  100 

b7i,b 

temp,  UEG 

X 

2799.0 

2b03.6 

?2lL,0 

1953.6 

1715.7 

lSHb.5 

1498. 5 

1 305, S 

1155.3 

980.  1 

644.0 

725,2 

2620.4 

ENTHALPY  I 

I-l 

-20. 9S 

5.97 

5b, 21 

61.01 

85,68 

9S.b4 

105. b2 

120.1  4 

1  5b. 90 

Ud.96 

160.22 

lo9.91 

-6.61 

X  PAR 

6.  797 

6.  776 

6.  765 

6.761 

6.759 

6.  7S9 

6.  7S, 

6,  7b9 

6.7)9 

6.7^9 

6.  7S9 

6.  7S9 

6.7M3 

N 

10.09b 

lC.C9b 

lC.Cd9 

1C. 08b 

I0.0t4 

IC.C83 

10.C4-3 

IC.0P3 

10.0b  5 

10,08 5 

10, Or  5 

10,085 

lU.097 

CP 

1.2610 

I.06HV 

1.0066 

.96  19 

.935  1 

.9199 

.9  102 

•  nobO 

.£1636 

.8  598 

.ft  ISO 

.  7875 

1.  1419 

iMPtL  OPT 

169.24 

252.55 

276.63 

510.22 

526.4  5 

556.90 

5SK,S6 

376.  39 

3?l.  19 

4C5.b2 

4  13. 83 

1  33. Ox 

IMPUL  VAC 

2bb.9C 

2t‘H.  54 

3 1 7.91 

542, SI 

5S4.82 

562.89 

s79,»  4 

395,99 

405. H  3 

4  lb.  74 

424.04 

248,53 

EPSUCN 

i.cei 

1.747 

3.248 

6.idC 

9.bo8 

12.902 

26,552 

Sb. 1  lb 

lib. 199 

24  l.bol 

507.004 

l.OOU 

composition  SHIFIINO  IMCL/IOO 


I32.6C 

e 

.CCOl 

•  ocoo 

.0000 

♦  COOO 

.COOO 

•  COOO 

•  OCCO 

.OOCO 

.GOOD 

.OOCC 

.OCCO 

.COOO 

.  000- 

114.76 

b*H 

.ccco 

.ccoc 

.ocoo 

.0000 

.oooc 

•  COCO 

,octc 

.oooc 

.OCCD 

.oocc 

,COLC 

.COCO 

.oocc 

66. OC 

P»H2 

.0099 

.CC  13 

.OCOl 

.OCOO 

.COtO 

.COOO 

.OOOo 

.0000 

.0000 

.0000 

.OULO 

,  Ol'UO 

.00.51 

Iti.OO 

e*h3 

.0160 

.0037 

.0006 

.000  1 

.ooco 

•  0000 

•  OOGO 

.COOO 

.0000 

,000n 

,uOlO 

.0000 

•  0069 

199. iC 

B2 

.CCOO 

,0000 

.  0000 

.0000 

.ooco 

.0000 

.OCCO 

.ccoc 

.0000 

.ocoo 

.OOCC 

.COOO 

.COOO 

124. 2C 

B3«H6>N3 

.ccoo 

.CCCC 

.oocc 

.ocoo 

.coco 

•oooc 

.OCCO 

•  CCCC 

.OOCO 

.OCCO 

.oooc 

•  COCO 

•  COCO 

b2.  1C 

H 

.C6S6 

.C327 

•  0126 

,0058 

.0CC9 

.COCi 

.OOG  1 

•  ooco 

.0000 

.0000 

.0000 

•  OOuU 

.C444 

79.20 

h«N 

•  oooc 

.0000 

•  0000 

.0000 

.ooco 

•  0000 

.0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

•  OOOU 

.OC 

H2 

6.544  1 

6,bHHC 

6.6039 

6.6093 

6.6IC9 

6.61  12 

6.6  1  1  5 

7.. 6114 

.  6  1  1  4 

6.61  14 

6.61  14 

6.6113 

6.5754 

40. 3C 

H2*N 

.CCOO 

.CCCC 

.COOO 

.0000 

.0000 

.0000 

•  OCCO 

.oocc 

.coco 

.OCCO 

.0000 

.COLO 

.0000 

-11.04 

H3«N 

.ca04 

.0CC2 

.OCOl 

.0001 

.0001 

•  ccoo 

.oooo 

.0000 

.0000 

.0000 

.0000 

•  UOOO 

.0003 

113.00 

N 

.0000 

.0000 

•  0000 

•  0000 

•  ooco 

.0000 

•  0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

•  OOOO 

.OC 

N2 

.  1604 

.  IbOC 

.  1479 

.1477 

•  1476 

•  14?6 

.  14  76 

.  1476 

.  1476 

.14  76 

.  1476 

.  lit  76 

.  152  b 

-60. 3C 

B*N/C 

3.2983 

3. 3193 

3. 3236 

3.3242 

3.3243 

5.  524  5 

5.  5243 

3. 32‘»3 

3, 324  5 

3.324  5 

5.5243 

3. 3243 

5.3143 

-134- 


CfSIlCN 


I.OCO 

3.0CG 

i.OCO 

«.cco 

s.oco 

6.0C0 

?.oco 

e.oco 

9.0C0 
lO.CCO 
I  I.OCO 
l?.OCC 
>  ).OCO 

u.oco 

Ib.OCO 
lO.CCO 
I  r.OCO 
ID.CCO 
lO.CCO 
7O.0C0 
7I.OCO 
23.CC0 
?i.CCO 

;«.oco 

7^.CCO 

?6.CCCi 

?f.OCO 

7V.CC0 

?9.CCO 

«o.oco 

5  I.OCO 
!?.OCO 

si.oco 
)«.OCO 
Sb.OCO 
S«.ucO 
ll.OCO 
S(>.OCO 
!9.OC0 
hO.OCC 
kl.OCO 
«}.OCO 
• J.CCO 
««.occ 
•I&.OCC 
96.0CO 
«7.CCO 

•e.oco 

•9.CCO 

LO.CCO 

9.k4S 


PC/> 

I.OCO 

0.266 
u.eor 
; i.eoo 

29. fo  r 
ir.NIe 
•5.fC2 
%k.S65 
6i.6k9 
72.e%k 
ep.bli 
92.3^ii 
102.5^0 
1  l.'.itj 
I21.6(>i 

1  ?k.606 
ik^.efo 
l%r.  166 
160. b62 
100. or 
19  l.kC? 
2C2.9I- 1 

2  U.kkO 
22S.e<9 

2ir.22k 
2kfl.^i2r 
261. Olb 
2rk.Ci2 
2er.U6 
300.660 
1 1 3.ii:)9 
3;r.i*6 

IkO.OH I 

366. iOk 

56^.0*15 

•<9.6'l 

•2>.«)l 

•  ir.226 

•<0.999 

•6«. r^« 

•  re. *60 

•  92.  I<9 
606.  rit6 
619, SC6 
6S2.eOk 
6^6.2j6 
659.696 
•>12.Hf2 

66.066 


P  •616 

ICCC.OOO 
620. 690 
120.962 
62.12} 
•6.201 
}}.66l 
26.226 
21. <161 
16. 122 
16.216 
ti.226 
12.116 
10.626 
9. 2  20 
6.M66 
6,066 
2.926 
6.  166 
6.161 
6.'21i 
6.666 
6.222 

•  .9/2 

•  .•61 
•  .•26 
•  .216 
•  .02k 

}.«n 

S.6kV 
!.k62 
1.326 
1,  160 
3.066 
2.931 
2.62V 
.•.216 
2.612 
2.626 
2,«*l 
2.  162 
2.262 
2.212 
2.  162 
2.CVC 
2.Cli 
1.9/2 
t  .926 
1.622 
I.-3I 
t.2ij2 
1. 2»« 
■•.696 


PC  1000.  r$|« 

OCNSIfV  »<i6T 

bo/cc  (KC6i/f oee.ki 
l.oo*  6I2.C6 

0.620  62. fk 

fHOlfh  CieAHSIflh 

c  Sf6i  6  66«1.2  9f/6rc 

1(69  Chl66L9«  c*>  C6L/  I  OOt  UilVlC  LCLViC  t  6C6  I  61 
l>Cb  *  «C6L/(00l.M  &*•  D(C  fP  IVL  10000 


IVirek  LibUlD  «10H06(L16«I 
COiafflMeM  1(166  FOftKUlI 
CCG  K 

<96  N2*t«k 
29h  •66H9 


22V9.Q 

2692.2 
2ttC.6 
191). 0 
IM2}.k 
I  2kk.9 

1666. 3 
l6Sk.k 
I6V<.2 

1666.9 
16/6.6 
Ifc92. 2 
1622. « 
(•SC.2 
l•/9.6 
l•>0.2 
3  99). 2 

1126.9 

3961.6 
I}k2.6 
I  ISk.  9 
3  92  1.2 
I9C9.9 

3296.6 
l?ce.O 

12  2  2. H 

1266. 1 
3266. H 
32*v.» 
!?•  I.k 

1219.2 
3226.k 
1712. <• 
37IC.6 
171  3.6 

1 196. 2 
I I9C. I 
13^1.2 

1122.6 
1321.6 

I  166. <3 

3360. 2 
t  I6k.  2 
t  Ikl.k 
I >••.2 
IU9.I 

1 3  3«.2 
1 129.« 
332%. • 
I37C.2 

I I  I6.k 

3660.9 


76.96 
6.61 
••1.7V 
-62. ^2 
•f>2.6k 
-2k. 62 
-ttO.62 
-b6. 1 1 

-bH.96 
-92.29 
-96. 1C 
-92.69 
-99. av 
-3C3.9k 
-Itl.kC 
-3t6.6C 

-  IC2.02 
- 3CH.6J 
- 3C9.et 
-I  I  3.  Ik 

-  I  12. 9J 

•  3  3  ).66 

-  I l•.6C 

-  I  16. •« 

•  I  16. kk 

-  I  12.  3k 
-116.16 

-  I  I  2.0) 

-  I  19. 2v 

-  i7r.Sk 
-321.26 
'321.26 
'I<2.61 

•  173.76 
-371. *-6 

-  I2k.k6 

-  326.0* 

•  »26.Sk 

•  326.  12 

•  176.6k 

•  122.  Ik 

•  172.6* 
•17'*. II 

-  32'(.62 
-l2».0l 

•  l2».k*^ 

-  129.62 

-  I )0.7v 

•  I  90.6V 

-  111. Ok 
•lll.k/ 

-V9.2C 


.996 
.906 
.962 
.9k6 
.932 
.9)3 
.976 
.97? 
.919 
.916 
.937 
.909 
.906 
.90k 
.901 
.099 
.HV2 
.096 
.093 
.097 
.090 
.0O0 
.002 
.e<i6 
.  00k 
.003 
.007 
.HttO 
.029 
.“20 
.422 
.026 
.026 
.02k 
.**23 
.027 
.023 
.020 
.020 
.069 
.  060 
.06  2 
.062 
.066 
.066 

.06k 

.06) 

.067 

.067 

.06' 

.91k 


199.9 
7kk.  3 
723.  I 
706.0 
792.  2 
906.0 
917.7 

312.6 
377.0 
976.0 

979.7 

997.7 
91k. 0 
992.  9 
199. 1 
9k  1.6 
3k3.  9 
ikS.O 
*kk.6 
IkC.  I 
9*9.6 
960.0 
967.0 
16  9.7 
96k.  9 
366.  9 
166.  9 
962.  1 
•6k.  7 
96«.  1 

369.9 
96C.2 
36  1.6 

362.7 
)67. 9 

361.6 
3Ak.  3 
36k.  9 

366.6 
366.  I 
96e.2 
16  2. 9 
362.0 
36e.k 

366.9 
369. k 
)69.9 
32C.  9 
320.0 

321.7 
37k.') 


Ilk. 9 
60.0 
kl.6 
92.) 
9k. k 
12.) 
10.0 

79.6 
70. k 

72.6 
76.2 

76. 1 
76. k 
7k. 9 
7k. k 
7k. 0 

71.6 

71.2 
77.0 

77.6 

77.7 
73.9 
71.2 


19.0 
16.0 
3e.  2 
■  6.6 


le.O 

12.9 

12.0 

12.0 


.700 
.kil 
.619 
.036 
1.07k 
I.73C 
I.k06 
1.400 
1.006 
7.00k 
7.706 
7.kC6 
7.6C6 
7.017 
1.070 
1.770 
9.k92 
*.6kk 
).06U 
k.06k 
k.766 
k.k69 
k  .6kn 
k.0)9 
6.072 
6.711 

6.k  IK 

6.6  37 
6.0k2 
6.063 

6.7  20 
6.69) 
6.  ft  2 
6.921 
2. Ilk 
f.lkl 
2.666 
2.266 
2.923 
0.  120 

9k2 
k.60k 
0.201 
k.VkI 
9.  I2( 
9.369 
9.66V 
9.269 
9.9)1 


7kk.6 
200.  I 
1U9.6 
137.  I 
132.0 
920.  1 


7k6.6 
709.9 
906. k 
136.2 
971.6 
326.  2 


1/2.)  17H.6 

l<3.k  99C.6 

)7).9  991. y 

937. N 


Pt  0.1  0616 

wr.  e/0 

.  3 
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172.  IkO 
IPI.B6] 
ISS.6C0 
2C7.JSI 
214. 06S 
2'Q.7JS 
2k2.1k<7 
7Sk.276 
267. Sib 
220.4  IV 
24k. kt9 
tCH.  IS  I 
121. /kf 
J'S.PkU 
!k4.(!  16 

J77.V52 

!«2,Cp2 

kC6.2!S 

k2C. 

kjk.SSV 

kk«.  7CS 

ke2.f27 

«76.4|« 

«40.4S7< 

SCk.kS  I 

si0.e<6 

S*2,7S7 

Sk6.S60 

S70.2«Ci 

SU.-SkS 

')f7,S22 

62.0k6 


P  PSIA 

ICOC.OOO 
S69. S7S 
I  I9.PS6 
66.72) 
kS. ISk 
U9 
26.  HP 
2I.SS6 
IP.Cke 
IS.k07 
l*.k9S 
11.406 
1C. 637 
9.SH7 
P.6P7 
7.426 
7.276 
6.716 
7.232 
S.H04 
S.kS9 
S.  I  12 
k.P2S 
k.S6S 
k.  iSli 

k.  126 
3.933 
3.73P 
3. see 
!.  396 
‘.2kS 
3.  106 
2.v7r 
?.  kS? 
2.7k6 
2.kk6 
2.SS6 
2.k62 
2.379 
2. 3C  I 

2.  16  I 
2.C97 
2.037 

l. 4P6 
1.227 
I.P77 
I.93C 
1.7MS 
I.7k2 
I.  7C2 

lk.6V6 


SVSHM  LtCUlO  fllPHOPdlANf 
COPPOKikt  IWkP  FOtPUL* 
LEG  K 
298  H26k-k 
29tf  KS«>*9 


PC  1000.  PSi6 

DEkSifV  PfAl  PfHP 
LP/CC  UCAl/PUkP.Ml 
I.CCk  *i/.<IS 

0.62C  •t.tk 

fttnftK  CIPANSlKk 

c  STA*  •  6623.4  Pf/S(C 

TlMP  EktPAkPk  CP  CAl/  I  OPt  nClVAC  I'CLVAL  1  SCA 


I'fC  ¥  KCAl/IOOLH  G»  DIG 


27k2.8 

2S3kiS 

2039. 1 
ir.to.k 
1761.7 
I665.? 
162/. S 

1572. 4 

1531.2 
lk9S.S 
Ik6k. 3 
Ik36.6 
Ikll.H 
)3P9.3 
l36t>.P 
I3S0.0 

1332.6 

1316. 5 
ISCl.k 
121-7.3 
127k. I 

1261.6 
I2k4.0 
I23H.7 
l2/«-.  I 
1216. C 
I2CI'.  3 
I  19V. 2 

I  IvC.  3 
I1el.9 

II  7  J.k 
MV6.0 
USp.S 

1 151. 3 
I  Ikk.  3 

1137.6 

1131.1 
ll/k.*t 
ltlP.7 
I  I  H.h 
Ilt7.l 
DC  I.S 

1096. 1 
1040.9 
IflPb. 7 
ICrl,.7 
IC7S.9 
IC7I.2 
1066. *> 
1062.  I 
IC>7.7 
lkP5.3 


27. k( 
7.06 
•kO.SI 
~S6.kk 
-OA.kk 
-73.67 
-79. }j 
•••4.7S 
-•S7.S3 
-90. 76 
-93. S6 
-96.0k 
•911. 26 

-  ICC. 26 

-  IC2.0t 

-  IU3.7k 

-  ICS.?/' 

-  iCe. 7C 

-  Il.•l.02 

-  104.26 

-  I IC.k2 

•  I  I  I. SI 

-  1 12. >J 

-  I  I3.SI 

-  I  Ik.k  1 

-  1  IS.3C 

-  1 16.  Ik 

-  t 16. 7k 

-  1 17.7C 

-  I  >9. *3 

-  1  14.12 
•114.74 

-  l2C.k* 

-  121.06 
-121.66 
-142.23 

•  127.79 

-  123.  33 

-  123. MS 
-12k. 36 

-  I2k.k6 

•  i.s.  3;- 
-l/S./f 
-126.2* 

-  •26.66 
-l4/.:6 

•  »47.,: 

-I,7.4C 

-  I/-. 29 

•  126.67 

-  1/9.0% 


.9«k 

.97k 

.9kS 

.933 

.92% 

.919 

.913 

.909 

.90S 

.901 

.H99 

.99% 

.m9I 

.«b9 

.996 

.696 

.•l«2 

.460 

.979 

.9/6 

.H/S 

.M/3 

.972 

.970 

.  469 

.H6P 
.966 
.M6S 
.  96% 
.  d6  3 
.162 
.«6l 
.460 
.4S9 
.  MsA 
.MS  7 
.-•46 
.mSS 

ImS3 

!‘'S2 
.9s  I 

.-so 

.4k9 

.469 

.9kP 

.Hk7 

.Mk/ 


133.2 
2k3.7 
?rc.b 

295.9 
296.  7 
30k.  7 
31  1.0 

316.3 
32C.7 
32k. S 
327. M 

330.7 
335.  3 
33S.  7 

337.9 

339.9 
3kl.6 
3k  1.  3 
3kk.4 
3k6.3 
367.  7 
3k9.0 
4SC.2 
3M.3 
3S2.k 
3St.« 
3Sk.k 
3SS.k 

356.2 
3S7.  I 

357.4 
3S«.7 

359.5 
36C.2 
36C.7 
36  I.S 

362.2 
362.* 
36  3.% 
16k. 0 
16k. 6 

365.  I 

365.7 

366.2 

366.  7 

167.2 

367.6 
366.  I 
36M.S 
36  ).0 

322.2 


IIS. 7 
69. k 
kl.l 

36.9 
31. H 
II. P 

30.2 

26.9 

22.9 
27.0 

26.2 
2b. S 
2k. 9 
2k. k 
23. V 

23.6 
25.0 

22.6 
27.  3 
22.0 
21.7 
21.6 
21.1 


la. 7 

19.6 
la. 6 
10.  3 

19.2 

•  4.  I 
»7.« 
1  7.4 

17.7 
17.6 

17. 5 

17. 6 

17.3 

•  7.2 


/P 

•  20C 
.kl2 
.616 
.91k 
1.021 
I.20S 
1.602 
1.603 
1.799 
l.90» 
2.200 
2.39i> 
2.S9- 

2. H0S 
3.012 
3.22C 

3. k2r 
1.63k 
3.93* 
k.OkI 
k.2k0 
k.kS7 

k. 630 
6.919 
S.OOS 
S.  I9S 
S.kOC 

l. 622 
S.M37 
6.0S2 
6.266 
6.69C 
6.696 
6.9C7 
7.1  U 
7.32" 
7.S37 
7.766 
7.4S0 
M.ISl 
M.3S6 
P.SS6 
P.  7SC 
P.9.S 
9.  I  37 
9.  327 
9. SIS 
9.76S 
V.MP2 

1C. 065 
1.972 


1171 


30UOO 


2kk.O  266.4 
2t>7.0  2««H.n 

502.4  50S.I 

310.2  316.3 

51b. S  i2C.O 
110. B  326.1 
520./  3/6.4 

5/1.7  320.7 

i/2.:  33C.I 

330.4 


P(  U. I  PSIA 
bl.  B/e 

60. 

k'l. 


t  Af  1  VAC 
SObUO 

266.6  266.9 

272.6  293.1 
SIT'.k  ill.k 

321.5  372.6 
529. H  3S0.S 
33k. k  516. S 

539.9  5kl.5 

3k2.‘j  5kS.2 

3kS.S  5bP.6 
IkM.O  iSl.k 
•so. 2  iSk.O 

152.1  5b6.2 

551.9  5SK.2 

•SS.  3  160. I 

156.6  561.7 

557.9  165.2 

559. P  56k,/ 

339.6  366.0 

360.6  567.2 

561.6  161.5 

562.1  169. k 

562. H  570. k 
163. k  571.5 
33k. 0  172.2 

56k.  S  5  7  5.1 
16S.0  575.4 

ttS.k  57k. 6 

565.9  l/S.k 

•  66.  I  376. I 
566. k  176.7 

•  66,  7  577. k 

•  66. V  l7l.C 

167.2  )7P.6 

•67.6  574,2 

167.6  57V. 7 

<67.7  100.2 

367.9  IPO. 7 

•69.0  501.2 

i6n./  511. 7 

•  69.  3  1M2.2 

36P.6  5P2.6 

>69. S  ill. I 

536. 5  <05. S 

13M.6  IPi.y 
IM./  196.5 
36n.i  306.7 

560.  •  5BS.0 

•69.9  }0S.k 

569.9  39S,M 
»B6.  I 

566. 5  569.7 


cr  s(A  cr  VAC 

IVL 


1.272  I./57 

l.kiN  1.660 
l.btS  l.bOb 
I . SS6  1.616 
I.SlO  l.aSb 
t.bV7  1.6Mb 
1.606  1.70V 

I.6II  1.729 

1.615  1.766 
I.  760 
i./ri 

I.  79b 
I.  7V6 
I.d05 
I.PI2 
I.MIV 
I.P26 
I.hi5 
1.039 
I.Mkb 
I.kSO 
I.0SS 
I  .960 
l.^6k 
1.069 
1.0/5 
1.0/6 
1.MMC 
I  .  HMh 
I.H07 
l.'.90 
t,--95 
I.h96 
I.M99 
1.902 
1.906 
1.9C7 
1.409 
1.912 
1.9  16 
1.916 
I.  419 
1.92  I 

1.925 

1.925 
1.  427 
1.420 
1.9  5'. 
I.  9  52 
l.vSk 

1.616  l.7bl 


(PSUCk 


I.OCO 

2.0CO 

5.0C0 

k.CCO 

b.OCu 

6.000 

7.CC0 

0.CCO 

9.0C0 

lO.OCO 

n.cco 

12.CC0 

IJ.OCO 

16.000 

IS.OCO 

I6.0C0 

t/.OCO 

iM.oco 

I4.0CO 

2C.OCO 

21.0CO 

22.0CO 

25.000 

26. CC0 
7b. 000 
26.000 

27. CCO 
29.0CO 
29.000 
30.000 
5I.OCO 
52.CCO 
•5.0C0 
56.000 
3S.OCO 
H.OCO 
5/.OCO 
59.0CO 
5V.OCO 
kC.OCO 
kl.OCO 
62.000 
ki.OCO 
kk.CCO 
kS.CCu 
kk.OCO 
k/.OCO 
60.000 
69.0C0 
SO.OCO 

9.662 


PS/P 

I.CCO 

1.7S0 

1.20  I 
16.097 
2  l.9kS 
27,«Ca 
•7. Si  I 
kb.9e  7 
Sk.9l  I 
0  5.90  7 

73.615 
03. 2C  I 
<5.  135 
ICi.29  I 
1 1.3.47  I 
12k.  7 10 
l.'A.Oe/ 
167.597 
ISa.aSo 
170.615 
172. C26 
195.60k 
2Cb.5CO 

210.915 

220.605 
259.999 
7Sl.k00 
20k. b07 
277. eC9 
291.  199 
3Ck.72l 
310. 3SB 
5*2. C9S 

565.916 
1S4.n06 
575. 7S0 
•P/.755 
kCI.7k3 
k1S.76S 
629.709 
kki.ee  I 
kSr.795 
671.755 
keS.07k 
699.567 
515.565 
527.  .22 
SkO.013 
556.635 
501. 9P5 
Snt.kSS 

00.066 


4  PSIA 

KCC.OCC 
571,565 
121. est 
07. 120 
kS.s07 
Jl.klS 
27,009 
21.755 
17.21  I 
15.0/P 
13.622 
12.01V 
1C. 73/ 
9.301 
C.776 
P-OOe 
7.569 
0.  7P6 
7.295 

5. MkP 
5.696 
5.106 

k. N  /  I 
6.3  1C 

6.  37  7 
6.167 
•  .4/6 
3.71*0 
3.4CC 
3.656 
3.202 
5.  Ik  I 
3.01  I 
2.B9I 
2.779 
2.076 
2.579 
2.669 
2.605 
2.32  7 
2.255 
2.166 
2.  120 
2.059 
2.0C2 

l. 960 
1.097 
1.169 
I.BCk 
I.7M 
1.720 

Ik. 696 


Hav  067PA3PV 
tCC  «  iCAl/lCOtk 
2762 


25bk.1 
2070.0 
I9C0.7 
I  7*6.6 

1719.2 
1057.  7 
10(7.0 

1505.6 

1529.7 

1697.3 


St-imiv  flPAkSies 
C  st0>*  •  66SO.0  7t/5fe 
CP  tAi/  I  MPI  0«lvAt  CtlVAC 
•-P  /♦k  /p 

1. 10* 


•60.12 

-S7.0C 


1621. 

ikCO.' 


I  517.5 
1510.2 
I  3C6.  7 

1292. 1 
I2«C. 1 
I2iP.1 
I2b1. I 

1267.1 

1250. 1 

1221.7 

1219.1 
121  1.2 
I2C3.0 

1 195. 1 

1 107. 5 

I  lec. 1 

1175.1 
I  106.2 
M59.6 

1 155.2 
1167.1 
I  |6t.  I 
I1J5.2 
I  U9.0 
1 126.  1 

1 110. 7 
I  I  15. S 
I1C0.S 
tlC5.0 
1C90.1 
1096.  I 

1009.5 
1065. n 

1516.7 


-99. SI 

-  Kl.Sk 

-  113.34 

-  ICS. 09 

-  100.30 
-H«.  10 

-  K».kS 

'tic. 71 

-  I  M.1* 

-  I  I5.0C 


-  I  19. iu 
-1/0.05 
•120.70 
-121.66 
-122. 1C 
-122.75 


-  176.50 
-125.05 


-  1/0.59 
-127.00 

-  127.55 
-120.  OC 
-121.65 
-3/1. «0 


-iso.n 

-  150.69 
•  150.07 
-93.IIJ 


.001 

.46* 

.960 

.953 

.4/6 

.4IP 

.915 

.909 

.400 

.9:2 

.199 

.nv0 

.145 

.M9V 

.001 

.1*16 

.  mm7 
.00C 
.179 
.177 
.075 
.1/6 
.M73 
.17  1 
.170 
.1*9 
.100 
,10/ 
.165 
.066 
.163 
.062 
.661 
.661 
.06C 
.159 
.151 
.15/ 
.156 
.155 
.M'^5 
.156 
.155 
.152 
.652 
.651 
.N5C 
.N50 
.969 
.906 


135.) 

266.2 

271.3 
217. C 

297.4 
lOC.'j 

312.6 

317.7 
322.2 
320.0 

129.6 
3  32.3 
335.  J 

557.6 

339.1 

361.1 
36  3.6 

365.  I 

366.7 

361.2 
16V. 6 

350.9 

152.1 

353.2 
356.  3 

555.6 

356.6 
35  7.3 

551.2 
35v.  I 

359.9 

360.7 

361.5 

362.2 

362.9 

363.6 

566.2 

366.  » 
365. S 
360.  I 

366.7 
36/. 2 
367.4 
}6r.3 

360.1 
369.  3 
36 '/.I 
32C.2 

370.7 

371.1 
32k.) 


116.6 
50.  I 
61.0 

37.2 
3k.  1 

32.2 
30.0 
29.  3 

211.2 

27.3 
26,-1 

25.9 

25.  1 

26.  7 
26.2 
21. h 

23.1 
2i.O 
22.6 

22.5 
22.0 
2  1.7 

21.6 

21.2 
21.0 
2«,7 
20.5 

20.5 
20.  I 

19.9 
19.1 

19.6 
19.6 

19.5 
19.  I 
19.0 
lM.0 
10.  7 
|0.6 

10.6 

10.3 
|0.2 
lb.  I 
10.0 

17.4 
17. H 
17.7 
17.6 

17.5 


.■17 
1 .025 

1.211 
I.6C7 
I.6IC 
1.107 
2.007 

/.?t9 

2.6CB 

2.006 

2.116 

1.326 

1.235 

1.661 

1.664 

5.055 

k. 05e 
6.25/ 
6.6  56 
6.651 
6. *62 
5.02V 

5.211 
S.62P 
5.661 
5.151* 
6.076 

l. 209 
6.SC6 
6.719 
6.955 
7.  165 
7.357 
7.567 
7.776 
7,90/ 
P.167 
1.  390 
C.S9I 
P,79C 
e.9P6 
9.  IbC 
9.372 
9.561 
v.rkB 
9.932 


266.6 
2tn.2 
3C5.M 
II/. 2 
117.1 
5/0..- 
3/2.6 
5/S.6 
325.9 


I  At 
iCOOO 


26>.5 
290.0 
100.5 
315. M 
321.0 
125.0 
371.0 
3$C.S 
331.9 
33/. M 
313.2 
3)3.5 


I  61 
S)OCO 

26  7.2 

293.5 

511.1 

122.1 
3)0.6 
))0.  1 

560.6 
)6k.  1 
)k7.  3 
)69.9 
352.2 
)>6,  I 

155.1 

557.1 
5SH.6 
3-,0.P 

360.9 
36I.V 
•  67.  7 
•63.0 
506.  3 
5«5.0 

165.6 

160.2 
160.  7 
10  7.7 

167.6 
•6M.) 
)6P.  1 
16A.  7 
30H.9 

169.7 

369.6 

309.6 

369.1 
370. 0 

370.2 

170.3 

i/r.s 

170.0 

)70.T 

170.1 

370.4 

370.9 
371.0 
171.) 
371.  I 

371.2 

171.2 

371.3 

367.5 


07  57A  tP  VAC 
IVl 


I  V0C 


267.6 
296.) 
3  12.9 
126,2 

312.2 
3  30.2 
363. C 

167. 5 

150.6 

155.6 
155.9 
<50.2 

300.2 

302. 1 
•  03.1 

161. 1 
306. P 
100.  I 
369.  1 

170.5 
171.0 

372.6 
175.5 
1/6.6 
$75.1 
376.  1 

176.4 
377.0 
171.  1 
374. C 

374.7 
5M0.  • 
3M0.9 

141. 5 
312. C 

392.6 
1P3.  I 
311.0 
)P6.  I 
5P6.S 
JIS.O 
1P5.6 
31S.V 
5P6.  3 

316.7 

307.1 
107.6 
SP7.P 

100.2 
310.5 
isi.e 


1.235 

1.637 

1.515 

I.S>/ 

1.512 

),S9P 

l.bOB 

1.613 

1.615 


1./2C 
1 .660 
1.S6C 
1.6  17 
1.657 
1.607 
I.  7  M 
I.  731 
1.  /ke 
1. 767 
I.//5 
1.  707 
1.7-4  7 
I .  -Ob 
U-  Ik 
l.t'22 
1.02V 
l.hSb 
1.M62 
1,-60 
i.esi 

1.003 

1.060 

1.0/2 

1.0/0 

1,000 

1.00k 

I.eA/ 

1.090 

I.i9k 

1.09/ 

I.90U 

1.903 

1.905 

1.908 

1.91) 

1.913 

1.9) 6 

1.9) 8 
I.92U 
1.922 
1.925 
1.92/ 
1.429 
1.931 
1.9  32 
l.9Sk 
1.V36 
1.930 
1.  /5b 


•I3T- 
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PRESSUf^F  PROFILE  DATA 

SYSTEM  LItiUlO  BIPROPELLANT  PC  IOOO«  PSIA 


COMPONENT 

TREF 

FORMULA 

DENSITY 

heat  form 

UT. 

DEC 

R 

GM/CC 

IKCAL/FORM.WT. 

) 

39H 

N2«04 

1.43 

-S.4 

40. 

29b 

N2*H4 

1.004 

12. OS 

60. 

i’l'LK  Pi  N<;ilY  r  1.]4r  <,M/CL 

MaIuR^  OXH)l?Jrx  /  Lh  CF  Ftiii 

oor  I  T  po p  •  T 

CMAHPFR  ENTROPY  TIA.SS  EU/100(.MS 


CHAMBER 


THROAT 


FROZEN  EXPANSION 


PRESSURE!  PSIA 
TEMP,  deg  K 

1000 
2S64.  1 

396.  1 
212S.S 

158.5 

IZ50.4 

65.  10 
1430. 1 

25.  12 

1  157.3 

14.70 

101B.5 

10.00 

927.2 

3.9ftl 

755.6 

1.5B5 

578.7 

.631 

452.4 

.251 

352.8 

.100 

273.2 

551.6 

2273.0 

enthalpy  T^T’ 

-7072r 

5.7i 

27.  17 

44, 76 

?9.06 

66*08 

fw  »  j  f 

B7.03 

92.7  3 

97.  15 

'  rODTJT 

“2  ."91 

CP 

.6000 

.S6I9 

.5606 

.5366 

.t>l20 

.4965 

•  4890 

.4700 

•  kSSS 

.4469 

.44  12 

.4374 

.5884 

IMPUL  OPT 

150.23 

203.03 

237.74 

267.62 

273.99 

261.06 

294.93 

305.45 

313.46 

319.54 

324.27 

122.70 

IMPUL  VAC 

224.34 

248.  19 

269.25 

?85.?0 

293.46 

298.34 

308.00 

315.58 

321.02 

325.33 

328.68 

219.74 

EPSILON 

i.ose 

1.620 

2.839 

7.532 

9.823 

I8.65S 

35.596 

6K.lld 

130.873 

250.867 

1. 000 

SMirriTC  gxPAwyrg^T 


PRESSURE, 

PSIA 

1000 

398.  1 

156.5 

63.  10 

25.  12 

14.70 

10.00 

3.9H1 

I.5B5 

•  631 

.251 

.100 

552.8 

TEMP,  06G 

n 

2564.1 

213H.2 

1764.0 

1442.3 

1167.9 

1028.2 

936.3 

745.5 

566.1 

463.6 

584.7 

339.1 

22B4.5 

ENTHALPY  1 

[-) 

-20.21 

5.80 

27.36 

45.07 

59.49 

66.56 

71.10 

80.37 

87.70 

93.47 

98.07 

101.92 

-2.93 

X  BAR 

6.059 

6.052 

6.051 

6.051 

6.051 

6.051 

6. 051 

6.050 

6.047 

6.026 

5.931 

5.765 

6.054 

N 

6.059 

6.052 

6.051 

6.051 

6.051 

6.051 

6.05  1 

6.050 

6.047 

6.026 

5.931 

5.765 

6.054 

CP 

.^U39 

■■  .T92H" 

.5628 

.5376 

•  5  1  30 

— .¥993 

.4901 

.4/27" 

,4651” 

•  5265 

.9121 

1.5653 

.6070 

IMPUL  OPT 

150.44 

203.44 

236.32 

263.32 

274.75 

281.85 

295. H  1 

306.40 

514.49 

320.79 

325.96 

122.63 

IMPUL  VAC 

224.81 

248.61 

269.98 

286.52 

294.33 

299.23 

308.96 

316.40 

322.17 

326.93 

331.15 

220.15 

EPSILON 

1.059 

1.623 

2.845 

5.237 

7.552 

9.852 

18.  720 

35.769 

69.009 

158.773 

293.987 

1.00U 

COMPOSITION  SHIFTING  IMOL/tOO  GM ) 


52. TO 

H  " 

- .0119 

.  0076 

— .UD03  ■ 

■■.UOOO 

.uuuu 

— *0000  ‘ 

.uuuu 

.OUDO 

.00013 

•  uuuu 

•  OOdu 

•uuuu  .OOSu 

79.20 

H«N 

•  0000 

.0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  OOOO 

•  OOOO 

.0000 

•OOOO  .0000 

-10.00 

H«NtO 

.0003 

.0000 

.0000 

.0000 

.0000 

.0000 

•  0000 

•  0000 

.0000 

.0000 

.0000 

.0000  .0001 

9.33 

H«0 

.0028 

•  0003 

•  0000 

•  OOOO 

•  0000 

•  0000 

.0000 

•  0000 

•  OOOO 

•  OOOO 

.0000 

.0000  .0007 

.00 

H2 

1.9990 

2.0040 

2.0051 

2.0052 

2.0052 

2.0051 

2.0049 

2.0040 

1.9994 

1.9682 

1.8254 

I.576&  2.0030 

40.30 

H2*N 

.0000 

.0000 

.0000 

•  0000 

•  0000 

•  0000 

.0000 

.0000 

•  OOOO 

•  OOOO 

•  OOOO 

•OOOO  .0000 

-57.80 

M2.(r 

— 1.7355 

1.7385 

1 « risB 

1.738# 

I.73HH 

1.7300 

1 • f  300 

T.TJB8  ■ 

1 .  f  30B 

1. 7388 

!• r300 

1 • f )00  1  • f  3BU 

-11.04 

M3*N 

.0004 

•  0003 

.0002 

.0002 

•  0002 

•0003 

•  0004 

.0010 

.0041 

•  0249 

.1201 

.2860  .0003 

1 13.00 

N 

.0000 

.0000 

.0000 

•  0000 

.0000 

•  0000 

.0000 

•  0000 

.0000 

.0000 

.0000 

.0000  .0000 

21.65 

N*fl 

.0002 

•  0000 

.0000 

.0000 

•  0000 

•  0000 

•  0000 

.0000 

.OOOO 

•  OOOO 

.0000 

•OOOO  .0000 

8.  06 

N*02 

•  0000 

•  0000 

.0000 

•  0000 

.0000 

.0000 

•  0000 

.0000 

.OOOO 

.0000 

.0000 

.0000  ,0000 

.00 

N2 

2. 3064 

2.3067 

2.3066 

2.3066 

2.3068 

2.3067 

2.3067 

2.5064 

2.5049 

2.2945 

2.2469 

2. 1639  2.3067 

19.50 

N2«0 

.0000 

.0000  ' 

.0000 

.ooao 

.ooOO 

.OudO 

^6000“ 

•  OOOO 

.oOOO“ 

.0000  ■ 

.0000 

•UUUU  .uuuu 

59.56 

0 

.0000 

.0000 

.0000 

.0000 

•  0000 

•  0000 

•  0000 

.0000 

.0000 

•  OOOO 

.0000 

•OOOO  .0000 

•  00 

02 

.0000 

.0000 

.0000 

.0000 

.0000 

•  0000 

•  0000 

.0000 

.0000 

.0000 

•  OOOO 

.0000  .0000 
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SVSICH  klouio 


PC  ioee.  mu 


Pt  o.s  »tu 


I 

I 


I 

C««»tMtN1  tREf  RRRMUl.*  MMtIfV  HEAr  RNR  Hf.  0/6 

- BRT - enTci - raeiL/>wnr;HT.! - 

(a6§  i«2*6«  I.Rl  -&.R  AO. 

3«6  H2*HA  I.OOA  U.OS  *0. 

ERilCN  fiRAMIOM 


t  iTu~»  wa.r  nTiTc 


CRSHM 

RC/R 

P  ASIA 

1EM 

CNIHIIRV 

CR  CAl/  1  ORT 

MLV8C 

DCIVAC 

1  SEA 

1  Ar 

1  AT 

1  VAC 

DCS  «  RtAL/fOOOH 

OM  6ce 

/R 

iVL 

10000 

50000 

LVl 

1.000 

1000.000 

2S66.I 

20.21 

.600 

I.OM 

I.OIS 

SSI. 660 

2373.0 

2.91 

.580 

I22.T 

97.0 

.174 

217.2 

217.6 

216.6 

216.7 

1.316 

1.266 

1.000 

6.776 

101. 2S6 

1615.0 

-56.03 

.551 

216.6 

sr.o 

.170 

251.0 

259.6 

254.4 

257.2 

1.691 

1.662 

k!000 

27!6At 

36.611 

1266.0 

-53.26 

.522 

252.6 

24I2 

I72O 

260.6 

■njfl 

ISufl 

E.OOO 

37.  SOI 

36.609 

1176.6 

-5*. 18 

.516 

281.1 

29.8 

.005 

271.7 

kiQtJ 

■IQfV 

A. 000 

68.683 

20.6IS 

1102.0 

-61.86 

.507 

267.2 

21.4 

1.056 

ETZSl 

RTfll 

BtTwm 

7.000 

61. SOI 

16.313 

1065.0 

-66.75 

.501 

371.6 

20.1 

1.396 

271.6 

8.000 

76.366 

I3.6SI 

667.  1 

-67.16 

.666 

275.7 

10.9 

1.606 

kI2B1 

mm 

0.000 

88.132 

1  1 •  >  36 

6S6.6 

18.0 

10.000 

IQ7.66S 

9.761 

921.3 

-70.87 

.688 

281.5 

17.  1 

1.760 

265.4 

268.6 

1.468 

11.000 

1(8.166 

8.661 

860.5 

-73.17 

.685 

309.6 

18.6 

1.663 

276.6 

300.2 

1.707 

I2.00A 

(S6.6(6 

7.636 

86  3.2 

-73.  70 

.682 

26^.8 

1^.8 

2.136 

268.0 

301.7 

(.715 

ii.OOO 

(SI. ICO 

6.613 

838.7 

-76.18 

.600 

30T.8 

15.9 

2.906 

266.0 

102.6 

1.722 

U.OOO 

168. 6S( 

5.957 

8(6.5 

-  75.98 

.678 

286.2 

16.8 

2.66t. 

296. f 

t06.0 

1.728 

“796.6 

-r6.90 

(6.000 

ICS. 707 

6.909 

778.0 

-77.77 

.676 

262.0 

16.0 

2.86« 

301.  1 

SJS.6 

1.759 

(7.000 

11I.SS6 

6.513 

761.0 

-78.58 

.67? 

361.3 

19.8 

9.013 

301.6 

306.8 

1.766 

(8.000 

719. 6S8 

6.  (76 

765.3 

-79. 32 

.671 

266.  3 

13.3 

9.177 

to;.  I 

)07.5 

1.766 

(9.0C3 

iSfl.iao 

3.873 

730.7 

-80.00 

.670 

365.3 

19.0 

9.9r7 

r.2.5 

10H.2 

1.753 

70.000 

776.900 

3.566 

717.0 

-60.66 

.668 

296.2 

12.7 

3.536 

S02.6 

108.9 

(.756 

IT.TJW 

IBO.BOT 

“■fOS .'  T ' 

11.000 

111. 731 

3.  108 

662.  3 

-81.80 

.666 

267.6 

12.2 

9.916 

103. 6 

310.  ( 

1,769 

IS. 000 

S6S.7S9 

3.606 

681.0 

-83.33 

.665 

368.7 

11.9 

6.105 

303.4 

310.6 

I.T6A 

16.000 

366.061 

2.732 

670.6 

-82.82 

.666 

266. « 

M.r 

6.263 

S03.0 

sn.i 

(.769 

IS.OOO 

381. ASS 

3.571 

660.1 

-03.36 

.689 

900.1 

11.5 

6.676 

306.0 

311.6 

).7r! 

16.000 

6(1.602 

2.631 

650.8 

-83.73 

.662 

300.7 

n.3 

6.663 

106.  1 

312. 0 

(.776 

.661 

V  •  0  w 

18.000 

6S7.SO( 

2.  (07 

633. 1 

-•6.56 

.660 

301,6 

K.O 

5.022 

S06.  3 

3(2.6 

1.778 

16.000 

680. SS6 

3.002 

636.6 

-06.63 

.680 

903.6 

10.0 

5.160 

306  .6 

311.9 

1.781 

SO. 000 

SOS.  366 

1.607 

617.0 

-85.28 

.656 

303.0 

to.  7 

5.366 

306.5 

3(1.6 

).789 

SI. 000 

336.360 

1.600 

806.5 

-05.63 

.650 

909.6 

10.5 

5.5n 

306.5 

316.0 

I.TAS 

SI. 000 

S66.2i6 

(.821 

802.3 

-85.66 

.650 

303.6 

10.6 

5.702 

306.4 

316. 1 

1.787 

ss.oao 

•  667 

S6.000 

S66.866 

(.601 

588.8 

-86.57 

.657 

306.8 

to.  I 

4.016 

3(6.6 

1.760 

St. 000 

617.606 

t.Alf 

512.6 

-08.08 

.658 

905.2 

10. e 

4.173 

3IS.3 

1.763 

S6.000 

661. 62S 

(.SS6 

576.3 

-87.16 

*656 

305.6 

6.6 

4.338 

3(5.5 

1.769 

17.000 

668.632 

1.69A 

570.6 

-07.61 

.655 

908.0 

6.0 

4.537 

315.8 

1.795 

so.eoo 

66S.60I 

(.638 

566.7 

-87.67 

.655 

306.6 

6.7 

4.716 

1)6.0 

(.766 

«6>6 

60.000 

7S0.662 

(.352 

553.6 

-88.17 

.656 

307,1 

6.6 

7.065 

3(6.5 

(.766 

61.000 

TTO.CTt 

1.206 

560.7 

-00.60 

.659 

907.6 

6.9 

7.206 

916.7 

1.800 

62.000 

807.678 

1.210 

56  3.7 

-08.62 

.653 

307.7 

6.9 

7.673 

3)7.0 

(.802 

6S.OOO 

038.162 

1.198 

510.6 

-00.06 

.659 

900.0 

6.2 

7.883 

317.2 

1.809 

66.000 

86S.0S6 

(.(S8 

536.3 

-86,05 

.652 

300.9 

6.1 

7.85t 

3(7.6 

1.806 

Tt.ooo 

1  .  1  1  8 

529.7 

-19.24 

.662 

909;'i' ' 

66.000 

623.6S2 

t.OOS 

525.3 

-06.66 

.652 

300.6 

8.6 

8.228 

3(7.8 

).806 

67.000 

633.626 

1.066 

531.1 

-06.85 

.651 

909,2 

0.0 

0.612 

3(1.0 

1.808 

68.000 

682. S66 

1.0(0 

516.6 

-86.06 

*651 

309.6 

0.7 

0.567 

3(8.2 

(.806 

66.000 

1013.360 

.600 

513.9 

-90.02 

.651 

909.T 

1,7 

0.701 

919.6 

1.810 

60.000 

1063.161 

.660 

509.0 

-60.20 

.651 

306,6 

8.4 

0.666 

3(8.5 

1.811 

l.oil 

68.066 

(6.666 

(010.5 

-66.08 

.668 

276.0 

16.5 

I.S25 

276.0 

2T6.6 

261.2 

263.5 

1.557 

1.868 

SHlRtlMO  ORAMSIOn 


PRESSURf^  PROFILE  DATA 

SYSIEH  LIQUID  BIPRdPELLANI  PC  1000.  PSIA 


COMPONENT 

IREF  FORMULA 

oensiTv 

HEAT  FORtj 

WT.  (S71S 

OEG  K 

GM/CC 

IKCAL/FORM.Wl. 

) 

298  N2*0U 

KU3 

-S.4 

48. 

298  N2*Hii 

1.004 

12. OS 

S?. 

BULK  OENSifY  =  1.1??  6P/CC . . 

RIXTORE  HAriO  *  .9?}  LB  OXIDIZER  /  LB  OF  FUEL 


PRESSUKL  PROFILE  DATA 
CHAMBER  ENTROPY  ^02.7S  EU/ICOOMS 


chamber 


THROAI 


FROZEN  EXPANSION 


PRESSURE,  PSIA 

lUOO 

398.  1 

158.5 

oi.  10 

25.  12 

14.  70 

10.00 

5.9H1 

1.505 

.631 

.251 

.  100 

554.  9 

TEMP, 

DEG  X 

2959.7 

2480. 7 

2068. 7 

1714.2 

1409.4 

1252.2 

1147. b 

92S.  5 

738.4 

584.0 

458.5 

358.8 

2645. 1 

ENTHALPY  (-J 

- 1 6.  73^ 

^10.21  ■ 

Tr.75 

51.49' 

66.96 

74.64 

797Tr 

ff9’.R9' 

■  ■9fl;i2 

104.66 

109.BZ 

TTJTW 

— rro4 

CP 

.5694 

.5554 

.5381 

.Slrti 

.4957 

•  4BIH 

.4724 

.4498 

.4309 

.4162 

.WOb*] 

.4006 

.5605 

IHPUL 

OPT 

155. 1 1 

207.49 

24  5.65 

269.85 

231.95 

289.53 

504.56 

316.10 

324.98 

357.04 

124.35 

IMPUL 

VAC 

229. 10 

254.25 

276.65 

294. 55 

302.78 

308.  12 

518. Hi 

327.06 

3  3  3.  4  1 

3i3.29 

34?. 04 

224.12 

FPSILON 

1  .C6.’ 

1.64  1 

2.909 

‘>.4?‘) 

7.6P4 

10.  34  5 

19.911 

38,454 

74.302 

U3.519 

277. 72b 

1.000 

SHIFTING  Expansion 

Pr.eSSUKE,  PSU 

1000 

598.  1 

I4H.S 

65.  lO 

25.  12 

14.70 

10. ro 

5.9P1 

l.SHS 

.65  1 

.251 

.100 

5S9.4 

r  r  M  p  ♦ 

U6C  K 

29S9. 7 

2535.2 

2) 34.4 

1775.9 

1464.3 

1303.3 

1196.2 

967,3 

774,2 

614.0 

4U.9 

srs.c 

2690.4 

ENTHALPY  (-) 

-16.73 

1C  .  46 

53.48 

^2.75 

6H.68 

76.62 

81.77 

9'?. 4  1 

100,97 

107.79 

113.  18 

117.42 

.92 

X  8AK 

‘>.425 

5.  599 

j.  57  1 

5.  590 

5.389 

5.389 

5.589 

5.  3rt9 

$.389 

S,3b9 

5.387 

5.365 

$.406 

N 

5.425 

5.399 

5.  59  1 

5.  590 

S.5b9 

S.3n9 

5.3<^9 

5.  .389 

5.  3H9 

8.3h9 

5.  3H7 

5.  365 

5.406 

CH* 

- rmir 

•  6150 

Tswr 

♦  S  '/'  56 

.4996 

.4859 

nrrrr 

5  i? 

.TT37” 

"‘.T^lTTr' 

.41$6 

TSTOT 

•  ftTTr' 

IHPUL 

OPT 

153.81 

209.0? 

245.84 

272.59 

284.98 

292.7  3 

308.  lU 

320.00 

529.  14 

356.  19 

541.63 

123.94 

IHPUL 

VAC 

230.  75 

256.61 

279.49 

297.62 

306.29 

311.7? 

322.77 

331.27 

337.83 

342.89 

346.86 

225. 4'J 

EPSILON 

1.066 

1.656 

2.941 

5.494 

7.994 

10.497 

20.257 

.39.216 

75.9-  9 

147.  1  18 

2Bd. 148 

1.000 

COMPOSITION  SHIFTING  (HOL/100  GM) 

57-Ta 

H 

- .0421 

“.OTW 

.0029 

.0004 

•  QOUU 

.0000 

•  OOUU 

.DUDD 

— .0090 

— .OOUO" 

— .UUUU 

.UUDO 

■■.■072T 

T9. 20 

H*N 

•  0000 

.0000 

•  0000 

.0000 

.0000 

•  0000 

•  0000 

.0000 

.0000 

.0000 

•  0000 

.0000 

•  0000 

-10.00 

H*N*0 

.0018 

.0004 

.0001 

.0000 

•  0000 

•0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

•  0008 

9.33 

H»0 

.0251 

.0056 

.0007 

.0000 

.0000 

•  0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.OIOd 

.00 

H2 

1.1554 

1.1551 

1.1574 

1.1583 

1.1585 

1.1585 

1.158$ 

1.  1564 

1.  1583 

1.1578 

1.1543 

1.1218 

1.1544 

40.30 

H2*N 

.0000 

.0000 

.0000 

.0000 

.0000 

•  0000 

.0000 

.ODOO 

•  0000 

.0000 

•  0000 

.0000 

.  0000 

-S7.8Cr 

H2*n 

2.0551 

2.0709 

2.0858 

2.0H6S 

iZ  .  Ub06 

2  .  U866 

2.0R66 

2 . Ob66 

2.0b66 

•Z  .UbOO 

Z.UMbO 

■7.D7  39 

-11.04 

h3*N 

.0001 

•  0001 

•  0000 

.0000 

.0000 

,0000 

.0000 

.0001 

.0001 

.0005 

.0028 

.0245 

•  0001 

113. OU 

N 

.0000 

.cooo 

.0000 

•  0000 

.0000 

•  0000 

.0000 

.0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

21. 6S 

N*0 

.0053 

.0005 

•  0000 

.0000 

•  0000 

•  0000 

•  0000 

•  0000 

.0000 

.0000 

.0000 

•  0000 

.0011 

H.06 

N»P2 

.0000 

.0000 

.0000 

.0000 

.0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

•  0000 

.00 

N2 

2.  1416 

2.1437 

2.  1441 

2.  1442 

7.  1442 

2. 1442 

2.  1442 

2.144? 

2.  1441 

2.  1440 

2.1428 

2.1320 

2.1432 

N2*(1 

.0000 

.0000 

.0000 

.oOOo 

.0000' 

70000” 

;oooo" 

nnjuir 

.  uuuu 

.0000 

- .UUUU 

.  0000 

“TDITOO 

59.56 

0 

.0005 

•  0000 

.0000 

.0000 

.0000 

•  0000 

.0000 
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/9.20  H»N 

.OOCO  .0000 

.OCOO 

.0000  .0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

-10.00  H*N»0 

.0036  .0012 

.0C03 

.0000  .0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0019 

9.33  H.O 

.06C3  .0200 

.0C38 

.0004  .0000 

.0000 

.0000 

.0000 

,0000 

.0000 

.0000 

.0000 

.0324 

.00  H2 

.7507  .7377 

,  7  340 

.7346  .7350 

.  7350 

.  7350 

.  7350 

.  7350 

.  7349 

.  7347 

.7326 

.7430 

40.30  H2»N 

.OOCO  .0000 

.OCOO 

,0000  .0000 

.0000 

.0000 

,oono 

.0000 

.0000 

.0000 

.0000 

.0000 

-•W.0C'  h2»0 

2  .  1  7  72  2.2  35  1 

2.2560 

2.2601  2.2605 

2.2605 

2.2605 

2.2605 

2.2605 

2.2605 

2.2605 

2.2605 

2.2182 

-i  1 .04  h3»N 

.0001  .0000 

.OCOO 

.0000  .0000 

.0000 

.0000 

.0000 

.0000 

.0001 

.0002 

.0016 

.0000 

113.00  N 

.OOCO  .0000 

.OCOO 

.0000  .0000 

.0000 

.  0000 

.0000 

,0000 

.0000 

.0000 

.0000 

.0000 

21.65  N*0 

.01C9  .0027 

.0C03 

.0000  ,0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0050 

8.06  N«C2 

.OOCO  .0000 

.OCOO 

.0000  .0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.00  N2 

2.0556  2.0609 

2.0626 

2.0629  2.0629 

2.0629 

2.0629 

2 . 0629 

2.0629 

2.0628 

2.0628 

2.0621 

2.0594 

19.50  N2*0 

•OOCO  .0000 

.OCOO 

.0000  .0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

•  oooo 

89.56  0 

•0026  .0004 

.OCOO 

.0000  ,0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0009 

.00  C2 

.0030  .0005 

.OCOO 

.0000  .0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.001  1 

!44- 


I. 000 
2.000 
i.OOO 
4.000 
5.000 
6.000 
7.000 
I. 000 
4.000 
10.000 
11.000 
t2.000 
t  ).000 
k4.000 
15.000 
16.000 
I  7.000 
16.000 
14.000 
20.000 
21.000 
22.000 
2). 000 
24.000 
25.000 
26.000 
27.000 
21.000 
24.000 
10.000 
11.000 
12.000 
11.000 
14.000 
15.000 
J6.000 
17.000 
16.000 
14.000 
40.000 
41.000 
42.000 
41.000 
44.000 
45.000 
46.000 
4f.OOO 
46.000 
44.000 
50.000 
6.016 


SV572H  LtCUlO  «|P49»eLL6*ir  6C  1000.  #SU 
CaMPONtNf  IKIF  F0RMUL6  OCMSlfV  H|67  FAMH 

OIC  R  6M/CC  UC6t/Fa«M.WT. 

241  N2«04  1.4)  -5.4 

24S  N24H4  1.004  «12.05 

FR02EM  EI*6NSieM 
C  5164  '  5744.7  ff/SFC 

P:/P  M  PSIA  I(M6  FNTl-AlPV  CP  C6l/  I  AP  7  OClVAC  OCtVAC  1  5CA  1  Af 

010  R  RCAL/IOOOH  0(C  /P  LVl  10000 

l.OCO  ICOO.COO  1124.7  15.00  .552 

1.747  556.542  2606.6  -2.71  .544  124.1  100.2  .UO  221.7  222.5 

4.126  107.201  2066.2  -42.01  .516  2/1.)  40.4  .177  25«.l  254.1 

16.164  61.015  1624.)  -54.22  .505  245.4  )).0  .541  270.5  272.4 

25.714  14.661  1674.6  -61.67  .444  256.7  26.7  .7)7  276.5  274.6 

15.116  26.454  1566.)  -67.20  .464  2*7.4  24.0  .412  260.0  214.0 

45.066  22.1*0  1464.6  -71.25  .462  27). 4  24.0  1.06)  262.0  266.6 

56.161  17.744  1417.)  -74.44  .477  274.0  22.5  1.2*5  262.4  266.5 

67.611  14.766  1161.1  -77.14  .47)  26). 1  21.)  1.44|  261.)  264.7 

74.421  12.512  1)11.1  -74.42  .4*6  26*.*  20.)  t.*2)  240.2 

42.615  10.745  1271.1  -61. )7  .4*5  264.5  )4.5  1.60)  240.5 

105,676  4.445  1214.5  -6). 07  .461  242.1  |6.7  1.46) 

114.442  6.117  1201.7  64.56  .456  244.1  |6.1  2.170 

114.517  7.414  1172.1  -65.41  .455  24*. 1  17.5  2.156 

144.510  6.664  l|45.}  -67.15  .451  246.1  17.0  2.545 

U4.626  6.C67  1120.7  -66.26  .451  244.7  |*.*  2.711 

160.165  5.544  1041.2  -64.26  .446  )01.2  1*.2  2.414 

146. ICl  5.C44  1077.1  -40.21  .44*  102.5  15.6  ).044 

211.410  4.714  1057.4  -41.07  .445  )0).6  15.4  1.270 

227.756  4.141  1014,4  -41.67  .441  )04.4  15.1  ).442 

241. 6C7  4,105  1022.4  -42.62  .441  )0*.0  14.6  1.610 

260.51.6  1.6)6  1007.0  -41.  12  .440  107.0  14.5  ).  764 

276. 6t5  1.566  442.0  -41.46  .4)6  107.4  |4.)  1.462 

247.528  3.161  477.4  -44.60  .4)7  )06.t  14.0  4.17* 

316.516  1.154  464.5  -45.16  .4)5  )04.6  11.6  4.170 

115.7*6  2.476  951.6  -45.74  .4)4  )I0.4  1).6  4.56) 

155.247  2.615  914.7  -46.26  .41)  lll.l  11.4  4.755 

175,010  2.667  426.1  -46.76  .4)2  311.6  11.2  4.44* 

144.8*1  2.512  417.1  -47.21  .410  112.5  1).0  5.1)6 

414.674  2.410  406.6  -47.66  .424  )l).l  12.6  5.)2) 

4)4.461  2.244  646.5  -46.12  .^26  111.7  12.7  5.50V 

455  ,ir.2  2.  14  7  666,4  -46.51  .427  )14.)  12.5  5.641 

475.264  2.104  677.6  -46.42  .426  114.6  12.4  5.671 

445.42)  2. Cl*  666.7  -44.10  .425  )15.l  12.2  6.046 

515.555  1.440  660.1  -44.67  .425  115.6  12.1  6.222 

515.641  1.667  151.4  -ICO. 02  .424  116.1  11.4  6.14) 

555.662  1.600  64). 4  -IC0.)5  .421  )16.6  11.6  6.5*0 

575. 6C6  1.7)7  •)6.2  -100.66  .422  )17.2  11.7  6.725 

545.4*4  1.674  826.6  -ICO. 44  .421  117.7  11.6  6.866 

415.2*0  1.625  621.6  -ICI.24  .421  116.1  11.4  7.94* 

6J5.610  1.57)  614.6  -ICI.54  .420  116.5  H.)  7.206 

656.644  1.516  607.4  -lCt.67  .414  116.4  11.2  7.144 

*62.144  1.466  601.)  -102.1*  .416  )14.2  11. 1  7.542 

7C0.1C*  1.4U  745.0  -IC2.4I  .416  114.6  11.0  7.  765 

7)0. IC4  t,)70  766.6  -102.67  .417  )14.4  |0.4  7.476 

754.124  1,126  762.6  -102.42  .417  )20. 1  10.6  6.171 

776.7*6  1.264  777.0  -10.  16  .616  120.6  10.  7  6.)65 

60.4C  7  1.245  771.4  -ici.)4  .415  120.4  10.  7  6.556 

626.2  )2  1.207  765.4  -10.62  .415  121.2  10.6  6.751 

151.2  )0  1.  172  760.5  -10.64  .614  >21.5  10.5  6.44) 

676.16*  1,116  755.)  -)C4.06  .414  )2I.6  10.4  9.1)5 


*6.04*  t*.64*  1154.)  -77.25  .472  261.)  21.)  1.447  261.)  264.7 


MT.  0/0 

52. 

66. 


I  *T  1  VAC 
50000 

274.0  226.) 

26). 0  26).* 

277.5  276.6 

26*.  1  267.) 

241.4  24). 6 

29*. 1  246.0 

244.6  101.5 

)02.0  )06.5 

)06.1  )06.4 

)05.9  )09.0 

>07.6  >10.1 

)01.7  )12.6 

)04.6  11). 4 

>10.6  )|5.l 

111.*  >16.) 

112.6  117.6 

)l>.0  116.) 

11).*  114.2 

>16.2  >20.0 
)16.*  >20.6 
)l5.i  >21.5 

115.6  122.2 

115.7  122.6 

>16.0  )2).4 

116.2  >26.0 

116.4  124.5 

116.6  125.0 

116.7  125.5 

116.4  125.4 

117.0  126.4 

117.1  >26.6 

317.2  127.2 

117.2  127.5 

117.)  127.4 

lir.4  126.) 

117.4  121.6 

117.4  126.4 

124.2 

124.5 
)24.6 
110. 1 
1)0.4 

110.6 

.4 

111.1 

111.4 

111.6 


112.2 

102.1  104.6 


CF  SEA  CF  VAC 
LVL 

1.211  1.246 

1.61}  1.464 

1.502  1.546 

1.515  1.545 

1.555  1.624 

1.56*  1.656 

1.571  1.674 

1.57)  1.640 

1.706 
1.716 
1.726 
1.715 

1.761 
1.750 
1.756 

1.762 
1.767 
1.772 
1.777 
1.761 
1.765 
1.764 
1.742 
1.746 
1.744 
1.602 
1.605 
1.607 
1.610 
1.612 
1.616 
1.617 
1.614 
1.121 
1.621 
1.624 
1.626 
1.626 
1.610 
1.611 
1.611 
1.614 
1 .616 
1.617 
1.616 
1.6*0 

1.641 

1.642 

1.644 

1.645 
1.57}  1.641 


EP5K0* 


1 .000 
2.00S 
1.000 
4.000 
5.000 
b.OOO 
7.000 
6.000 
4.000 
10.000 
11.000 
12.000 
11.000 
14.000 
15.000 
16.000 
1  7.000 
16.000 
19.000 
20.000 
21.000 
22.000 
21.000 
24.000 
25.000 
26.000 
27.000 
26.000 
24.000 
10.000 
11.000 
12.000 
11.000 
>4.000 
15.000 
16.000 
J7.000 
>6.000 
34.000 
40.000 
41.000 
42.000 
4). 000 
44.000 
45.000 
46.000 
47.000 
46.000 
44.000 
50.000 
6.276 


P(.l¥  P  PSi*  ((BP  (i*t4*(.PV 
OFC  ■  RCAI.  /lOOG* 
1.0*0  ICOO.COO  3124.7  15.00 

I . 7*6  >65. >46  2666.6  -2.41 

6.426  112. C06  2217.0  .*2.64 

15.60  63.26)  1470.4  -55.60 

24.750  40.40)  1112.6  -*1.42 

)).4l)  29.467  1644.)  -*4.60 

41.114  21.064  16U.4  -71.41 

51.476  l*,52»  15*1.2  -7».)7 

*4.4*0  15. J4*  1*82.2  -60.22 

76.60  13.C54  1431.8  -62.61 

•6.756  11.261  1)66.0  -64.71 

ICI.231  4.676  1344.)  -16.54 

114.565  6.729  1314.6  -66.16 

126.156  7.7*6  1261.6  -64.61 

1*2.641  7.C11  1255.4  -40.42 

157.217  6.361  1224.5  -42.11 

172.041  5,61 1  1205.7  -41.20 

167.045  5.346  1161.6  -44.21 

2C2.154  4.447  1163.2  -45.14 

217.3)0  4.601  1144.1  -56.00 

2)2.516  4.101  1126.2  -56.61 

247.6*7  4.C17  U04.4  -47.56 

264.464  3.761  1043.5  -56.27 

2(2.051  1.545  1076.5  -56.44 

254.454  ).))4  10*4.1  -54.57 

116.150  1.141  1050.6  -100.17 

116.551  2.471  10)7.4  -1C0.7) 

>55.244  2.615  1025.7  -101.27 

174.075  2.t7)  1014.0  -ICI.74 

141.044  2.544  1002.6  -107.26 

412.131  2.42*  442.1  -tC2.74 

411.244  2.119  481.4  -101.14 

450. 5C5  2.220  472.0  -101.62 

464.736  2.124  962.5  -104.01 

466.970  2.045  451.4  -104.41 

5C6.176  1.466  444.6  -104.61 

527.144  1.646  4)6.1  -105.17 

546.454  1.6)0  427.4  -105.5? 

565.444  1.760  919.4  -105.66 

564.456  I.TII  412.2  -106.19 

60.114  1.657  404.6  -IC6.51 

*22.126  1.607  047.6  -106.02 

642.565  1.556  140.6  -1CT.12 

664.781  1.506  081.0  -107.60 

667.216  1.455  677.2  -107.66 

704.670  1.404  #70.0  -107.46 

7)2.734  1.1*5  1*6.6  -ICO. 22 

755. 0C4  l.)2>  050.5  -ICO. 60 

774.060  1.206  052.6  -100.7) 

602. 506  1.266  066.4  -100.47 

•26.106  1.210  061.)  -104.20 

60.046  14.696  14*7.5  -60.42 


5H|Ft|NC  (iPAdSION 
C  SIA8  •  5677.2  FI/SEt 
CP  C**/  I  OPt  0(CV6C  OUvRC  I  SEA 
0"  OIC  /p 

.654 

.  714  121.1  101.  3  .103  223.7 

.545  224.6  42.5  .100  261.6 

.514  246.2  34.7  .544  274.6 

.506  262.)  10*2  .747  261.) 

.496  271.)  27.4  .426  265.0 

.491  274.1  25.)  ).A46  767.) 

.464  261.5  21.8  1.26)  266.4 

.*61  207.6  22.5  1.46)  266.0 

.477  241.4  21.4  1.646 

.474  244.5  20.6  1.024 

.470  247.2  14.4  2.010 

.467  244.6  14.2  2.144 

.465  >01.7  10.6  2.  )04 

.467  >0>.6  10. I  2.574 

.460  >05.)  17.6  7.766 

.457  >06.6  17.2  7.456 

.455  >00.7  16.0  ).140 

.45)  104.5  16.4  ).)7l 

.452  110. 0  16. I  1.446 

.450  >11.4  15.0  1.671 

.446  117.4  15.5  1.040 

.44?  >1>.4  15.7  4.074 

.445  )14.0  15.0  4.775 

.444  115.7  14.7  4.471 

.447  116.5  14.5  4.610 

.441  >17.)  14.)  4.014 

.440  >10.0  14.1  5.004 

.4)4  110.0  l).4  5.70) 

.417  >14.4  11.7  5.145 

.4)6  170.1  11.6  5.505 

.4)5  120.7  l),4  5.774 

.4)4  >71.2  l).7  5.454 

.41)  >21.4  )).l  6.14) 

.4)7  177. >  17.9  6.17) 

.4)1  >77*0  17.0  6.501 

.4)0  )7).)  17.7  6.675 

.4)0  )7>.0  17.5  6.047 

.474  )74.)  17.4  7.015 

.470  >74.7  17.)  1.100 

.477  >75.1  17.7  7.)47 

.476  >75.5  17.1  7.501 

.476  >75.4  11.4  7.670 

.475  >76.)  II. 0  7.074 

.474  >76.7  11.7  0.0*4 

.474  >77.1  11.6  O.?*) 

.47)  >77.4  11.5  0.461 

.477  >77.7  11.5  0.457 

.477  >70.1  11.4  0.05) 

.471  >70.4  11.)  4.044 

.470  >70.7  11.7  4.744 

.400  700.4  77.7  I«517  7M.4 

•148- 


I  >1  I  AT  I  VAC  Cl  SEA  CF  VAC 
lOOOO  50000  IVl 

724.)  276.1  276.4  U714  1.725 

26). 5  266.7  2*7.4  1.4)1  1.464 

277.)  267.0  262.4  1.505  1.549 

764.6  241.0  242.)  U540  1.600 

764.1  747.1  746.7  1.5*0  1.6)5 

742.7  101.6  >01.5  1.57)  1.661 

744.1  105.1  107.7  1.574  1.667 

745.)  107.6  >10.1  1.561  1.649 

744.0  llO.l  117.4  1.71) 

744.4  117.0  115.1  1.775 

111.6  117.1  1.7)6 

115.0  116.6  1.745 

116.7  170.1  1.75) 

117.7  171.6  1.761 

116.1  177.9  1.766 

114.0  124.0  1.774 

114.7  >75.0  1.774 

120.)  176.0  1.764 

>70.4  126.6  1.764 

171.4  177.7  1.794 

121.4  126.4  1.746 

122.1  124.1  1.602 

122.6  124.6  1.606 

122.4  1)0.4  1.604 

111. 2  1)1.0  1.612 

}2>.4  1)1.6  1.615 

171.4  1)7.1  1.616 

17). 6  )>7«7  1.671 

)7>.4  »).l  1.624 

124.1  1».6  1.626 

>74.2  1)4.0  1.674 

124. 1  1)4.5  1.6)1 

17*. 4  1)4.4  1.611 

174. 5  1)5.3  1.6)5 

>24.5  1)5.6  1.6)7 

>24.6  »6.0  1.6)4 

124. 7  1)4.)  1.641 

>74.7  1)6.7  1.641 

174.7  1)7.0  1.645 

1)7.)  1.646 

1)7.6  1.646 

1)7.9  1.650 

1)6.7  1.651 

1)6.4  1.651 

1)6.7  1.654 

1)4.0  1.65* 

134.7  1.657 

114.4  1.656 

114.7  1.660 

114.4  1.661 

745.6  100.5  111.1  1.501  1.701 


PfiESSURE  PROFILE  DATA 

SYSTEP  LICUIO  flIPfiOPELLANf  PC  1000.  P^IA 


C1MP0NENT 

TREE  FORMULA 

density 

HEAT  FORM 

WT.  0/0 

DEG  K 

GM/CC 

ikcal/form.wt. 

) 

298  N2»04 

1.43 

“5.4 

57. 

296  N2*H4 

1.004 

♦12.05 

43. 

PULK  DENSITY  .  1.209  &H/CC 

FIXTURE  RATIO  *  1.326  LB  OXIDIZER  /  LB  OF  FUEL 


PRESSURE  profile  DATA 
Chamber  entropy  284.38  eu/ioogms 

chapber 


FROZEN  EXPANSION 


PRESSURE. 

PSl  A 

loco 

398.1 

158.5 

63.  10 

25.  12 

14.70 

10.00 

3.981 

1.585 

.631 

.251 

.  100 

TEMP, 

DEC 

K 

3252.7 

2  749.  1 

2314.1 

1937.9 

1612.4 

1443.5 

1330.8 

1087.9 

880.2 

704.7 

559.0 

440.2 

ENTHALPY  1 

1-  ) 

>12.82 

1  3.46 

35.62 

54.24 

69.78 

77.58 

82.67 

93.25 

101.86 

108.79 

1 14. 32 

1  18.69 

CP 

.  52  72 

.5159 

.5022 

.4863 

•  4676 

.4555 

.446? 

.4249 

•  4040 

.  3863 

.3725 

.3634 

IMPUL 

OPT 

151.20 

205.30 

241.55 

268.08 

280.44 

200.22 

303.78 

315.87 

325.27 

332.58 

3  38.2  5 

impul 

VAC 

226.56 

252.02 

274.80 

293.01 

301.78 

307.36 

318.62 

327.42 

334.25 

339.55 

343.64 

EPSILON 

1.064 

1.658 

2.963 

5.580 

8.163 

10.761 

20.965 

40.974 

80.026 

155.943 

303.299 

SHIFTING  EXPANSION 


PRESSURE, 

PSI  A 

loco 

398.  1 

15(;.5 

63.10 

25.12 

14.70 

10.00 

3.981 

1.565 

.631 

.251 

.  100 

ffcMP,  06G 

K 

3252.7 

2922. 1 

2592.  1 

2244.0 

1900. 1 

1 714.4 

1589.4 

1317.8 

1082.2 

879.4 

707.2 

563.2 

ENTHALPY  1 

1-  ) 

-12.82 

14.06 

37.77 

56.40 

76.02 

84.95 

90.82 

103.15 

113.33 

121.64 

128.37 

133.75 

X  BAR 

4,  794 

4,  723 

4.673 

4.650 

4.645 

4.645 

4.645 

4.645 

4.645 

4.645 

4.645 

4.645 

N 

4.794 

4.723 

4.673 

4.650 

4.645 

4.645 

4.645 

4.645 

4.645 

4.645 

4.645 

4.645 

CP 

UO093 

.9178 

.7124 

.5513 

.4903 

.4742 

.464  7 

.4429 

.4208 

•  3994 

.3815 

.3670 

IMPUL  OPT 

152.9) 

209,79 

248.93 

278.01 

291.66 

300.28 

317.64 

331.28 

342.03 

350.48 

357.09 

IMPUL  VAC 

230.95 

259.7  1 

285.18 

305.46 

315.26 

321.53 

334. 30 

344.40 

352.35 

358.58 

363.43 

EPSILON 

1.079 

1.  733 

3.  162 

6.014 

8.839 

11.697 

23.028 

45.546 

90.048 

177.505 

348.537 

COPPOSITION  SHIFTING  IMOL/lOO  GM ) 


52.10 

H 

.0509 

.0273 

.0117 

.00  34 

•  0006 

.0002 

.0001 

.0000 

.0000 

.0000 

.0000 

.0000 

79.20 

H»N 

.0000 

.0000 

.OCOO 

.0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

•  0000 

.0000 

.0000 

-10.00 

H*N»C 

.00  70 

.0035 

.0C14 

.0003 

.0000 

.0000 

.0000 

.0000 

,0000 

.0000 

.0000 

•  0000 

9.33 

H*0 

.1331 

.0738 

.0294 

.0063 

.0006 

•  0001 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.00 

H2 

.  3544 

.2823 

.2  304 

.2009 

.2057 

•  2056 

.2056 

.2056 

.2056 

.2056 

•  2056 

.2036 

40.30 

h2*N 

.0000 

.0000 

.OCOO 

.0000 

•  0000 

•  0000 

.0000 

.0000 

.0000 

•  0000 

•  0000 

.0000 

-57.80 

H2»0 

2.2335 

2.3489 

2.4316 

2.4696 

2.4771 

2.4777 

2.4778 

2.4770 

2.4778 

2.4778 

2.4770 

2.4778 

-11 .04 

H3«N 

«00C0 

.0000 

.OCOO 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

•  0000 

.0000 

1 13.00 

N 

•  0000 

.0000 

.OCOO 

.0000 

.0000 

•  0000 

.0000 

,0000 

.0000 

.0000 

.0000 

•  0000 

21.65 

N*C 

.03  72 

.0184 

.0C61 

.0009 

.0001 

•  0000 

.0000 

,0000 

.0000 

•  0000 

.0000 

.0000 

8.06 

N«U2 

•  0000 

.0000 

.OCOO 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

•  0000 

•  0000 

.0000 

.00 

N2 

1.9390 

1.9502 

1.9575 

1.9606 

1.9611 

1.9612 

1.9612 

1.9612 

1.9612 

1.9612 

1.9612 

1.9612 

19.50 

N2»0 

.0000 

.0000 

.OCOO 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

59.56 

0 

•  0111 

.0043 

.0009 

.0001 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.00 

02 

.0279 

.0145 

.0041 

.0003 

.0000 

.0000 

.0000 

.0000 

•  0000 

•  0000 

•  0000 

.0000 
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THROAT 


356.  3 
2923.6 
4.42 
.5202 
122.47 
221.41 
1.000 


571.2 

3050.4 

3.91 

4.749 

4.749 

.9906 

120.66 

224.45 

1.000 


.0356 
.0000 
.0047 
.0956 
.3088 
.0000 
2.3067 
.0000 
.0000 
.0250 
.0000 
)  .9463 
•  0000 
.0065 
.0196 


I 


I 

I 

I 

! 


(•■SIION 


1.000 
2.000 
J.OOO 
4.000 
).000 
6.000 
r.uoo 
a. 000 
'*.000 
lO.OOO 
lUOOO 
12.000 
1  i.OOO 
14.000 
IS. 000 
14.000 
17.000 
IS. 000 
14.000 
20.000 
21.000 
22.000 
21.000 
24.000 
2S,000 
24.000 
27.000 
24.000 
29.000 
10.000 
Jl.OCO 
12.000 
11.000 
14.000 
IS. 000 
14.000 
17.000 
14.000 
14.000 
40.000 
41.000 
42.000 
41.000 
44.000 
4S.000 
44.000 
47.000 
44.000 
44.000 
>0.000 
4.14) 


»C/P  4  PSU 

l.OCO  ICOO.COO 

1.741  SS4.124 

4.224  104.404 

14.147  41.4S4 

2S.124  19.44S 

14.S47  24.912 

44.221  22.411 

SS.044  14.144 

44.19<*  IS. 106 

74.044  12.407 

90.421  U.CS9 

ICl.ltl  9.»9i 

114, 74S  •.S44 

1  10.414  7.444 

14>.2'.4  4.441 

140.094  4.244 

175.140  S.710 

190.141  S.2S4 

20S.4S4  4.442 

221.012  4.>2S 

214.174  4.211 

2SI.747  1.972 

249.114  i.ni 

247.196  1.442 

ICS. 197  1.274 

121.471  i.caa 

142. 6C1  2.919 

}il.S14  2.744 

140.614  2.427 

199,641  2. SOI 

419,201  2.)es 

414.407  2.240 

414. OSl  2.161 

4  77. Su-*  2. (.94 

494. 9SS  2.012 

>14.171  1.9)7 

>11.7)7  1.467 

SIS. 040  1.402 

5  74.264  1  ,  741 

S9).4i4  i.eas 

412.472  1.4)1 

611. S2S  t.sai 

4>).6S2  I.S29 

474.429  1.476 

4'i9.212  1.410 

7  22.2  6  1  l.iaS 

74s.)(:4  i.ui 

761.944  |.)00 

792. S70  1.242 

614.171  I.22S 

640. IJ4  1.190 

66.044  14.494 


SVSTfK  lUUlO  lIPtSKlLiNt 
COMPONfNT  IttP  fOlHULS 

ore  N 

296  N24l4 

291  N2*H4 

PlllfN 
C  St*l 

TEMP  FNTH4LPV  CP  C6l/  1 
DEG  K  RC4L/tOOGM  GM  OCC 

1252.7  12.12  .S2? 

2921.4  -4.42  *S20 

2174.4  -42.42  .447 

19)0.6  -S4.S9  .414 

1774.9  -42.11  .476 

1444.1  -47.14  .471 

IS78.H  -71. IS  .44S 

1509.7  -74.SS  .440 

14S2.0  -77.19  .4S4 

1402,6  -79.41  .4S2 

1159.9  -61.14  .449 

1122.1  -61. OS  .444 

1286.1  -64. SS  .441 

1257.9  -as. 90  .441 

1210.2  -67.11  .4)4 

1204.9  -«6.22  .414 

net. 6  -69.21  .414 

1140.1  -90.14  .412 

1140.0  -91.01  .410 

lUl.l  -91.41  .426 

UOl.a  -92. Si  .424 

1U67.4  -91.76  .42S 

1071.8  -91.91  .421 

1057.1  -94. S4  .422 

1041.2  -9S.14  .421 

lOlO.O  -9S.7C  .419 

1017.4  -96.22  .416 

1005.5  -44.72  .4)7 

99«,0  -47.20  .414 

961.1  -47.69  .41S 

472.6  -96.09  .414 

962.9  -96.90  .412 

992.6  -96.90  .411 

941.6  -49.26  .411 

9)4.6  -99.69  .410 

926.0  -ICO. 00  .409 

917.7  -ICO. 14  .406 

909.6  -ICO. 67  .407 

401.6  -ICO. 96  .404 

694.1  -ICI.29  .409 

667.0  -101.96  .40S 

660. c  -ICI.67  .404 

67). 1  -102.19  .401 

646.9  -IC2.42  .401 

660.0  -102.66  .402 

691.7  -102.9)  .401 

647.6  -10.17  .401 

641.7  -101.41  .400 

Sis. 9  -10.64  .400 

910. 1  -10.67  .199 

624.6  -104.09  .  196 

1441. 5  -  77.96  .494 


122. 
220. 
242. 
2SS. 
244. 
270. 
279. 
274. 
26). 
264. 
266. 
2*1. 
2*1. 
2*4. 
2*4. 
2*6. 
2**. 
100. 
10 1  . 
102. 
101. 
104. 
ICS. 
104. 
10  7. 
106. 
106. 
13*. 
110. 
no. 


112. 
112. 
II 1. 
111.1 
n*., 
114. 
ns. 
ns.' 
ns.' 

114. 
>14. < 
1)7.1 
n  7. 

n  7. 

nR.< 
n*. 
n*.< 
n*.' 
2*0. • 


PC  1000.  PSIA 
OENSirv 
GH/CC 
1.41 
1.004 
ElPANSION 
•  9722. t  P(/SCC 
opf  onvAC  oiivAC 
/p 

.176 
.172 
.914 
.726 
.*02 
1.04* 
1.249 

1.424 
1.602 
1.761 
1.997 
2.142 
2.127 
2. 912 
2.494 
2.676 
1.097 
1.212 
1.404 
l.Stl 
1.719 
1.426 
4.117 
4.  106 
4.499 

4.490 
4.679 
9.047 
S.294 
9.4)9 
9.421 
9.601 
9.974 
4.19) 
4.124 

4.491 
4.499 
4.621 
4.961 
7.1)7 
7.292 
7.462 
7.472 
7.642 
4.09) 
6.244 
6.6)9 

6.424 
6.614 
9.004 

1.492 


*6.4 
40.  ) 
11.0 

26.7 

24.1 

24.2 

22.7 

21.9 

20.9 
I*. 7 
19.0 
16.1 

17.6 

17.1 

14.6 

16.4 

14.1 

19.7 

19.4 
19.  I 
|4.» 
14.6 


HFAf  FOIH 

IKCAC/FOSN.wr. 

-9.4 

•12.09 


I  SEA  I  At 
I  VC  10000 

216.6  219.4 

299.0  294.4 

247.4  249.7 

271.4  274.7 

277.0  261.0 

279.1  261.6 

260.0  269.4 

260.4  266.7 
267.4 
267.7 


260.4  264.9 


or.  0/0 

97. 

4). 


I  At  1  VAC 
90000 

271.1  221.4 

299.6  240.4 

274.1  279.2 

262.9  214.1 

26P.7  2*0.2 

291.0  2*4.11 

296.1  296.4 

296.9  101.) 

101.1  101.6 

102.9  109.9 

104.4  107.6 
>09.6  IO'P.4 

104.9  110.9 

)07.9  112.2 

106.7  111.) 

)09.9  114.4 

110.2  119,4 

no. 6  114.1 

in.)  117.1 

in. 6  117.9 

112.1  116.4 

n2.4  119.) 

ni.o  120.0 

111.2  120.4 
ni.9  121.2 
ni.7  121.7 
ni.9  122.2 

114.1  122.7 

114.2  121.2 

114.)  121.4 

114.4  124.0 

114.9  124.4 

114.4  124.6 

114.7  129.2 

114.6  129. S 

114.6  129.9 

114.9  >24.2 

114.9  124.9 

124.4 

127.1 

127.4 

127.7 
126.0 

126.2 
126.9 

124.7 
129.0 
129.2 

129.4 
129.4 

299.1  101.6 


CP  914  CP  VAC 
LVL 

1.210  1.249 

1.414  1.444 

1.901  1.947 

1.917  1.996 

1.997  1.4)2 

1.949  1.496 

1.979  1  .476 

1.977  1.4*4 

1.704 
1.720 

i.rn 

1.740 

1.746 

1.799 

1.742 

1.746 

1.771 

1.776 

1.T6) 

1.766 
‘,7*2 
1.794 
1.7  99 
1.601 
1.604 

1.609 
1.612 
1.614 
1.617 
1.620 
1.622 
1.624 
1.624 
1.626 

1.610 
1.632 
U614 
1.614 
1.616 
1.619 
1.641 
1.64) 
1.644 
1.644 
1.647 
1.646 

1.690 

1.691 

1.692 
1.69) 

1.977  1.4*7 


EP9U0N 


1.000 
2.000 
1.000 
4.000 
9.000 
4.000 
7.000 
9.000 
9.000 
10.000 
U.OOO 
12.000 
11.000 
14.000 
19.000 
14.000 
IT. 000 
16.000 
14.000 
20.000 
21.000 
22.000 
21.000 
24.000 
29.000 
26.000 
27.000 
29.000 
24.000 
10.000 
n.ooo 
12.000 
11.000 
14.000 
19.000 
14.000 
>7.000 
>6.000 
>9.000 
40.000 
41.000 
42.000 
41.000 
44.000 
49.000 
44.000 
47.000 
46.000 
46.000 
90.000 
6.119 


ShIPTIhC  PiPAISIOn 
(  S7AA  •  9*44.4  Pt/9EC 

•  C/P  P  PM4  fEAP  ENffAi.P»  CP  CAl/  I  OPt  0Ei,v4C  CflVAC 

OCG  t  ■CAc/tOOG*  G«  OEG  /P 

l.OCO  ICOO.COO  1292.7  12.62  1.0** 

1.791  S7I.207  1090.4  -1.91  .991  120.7  101.6  .162 

6.)C7  U0.)6>  2904.1  -41.42  .444  221.4  49.)  .174 

19.061  66. nC  2271.)  -96.64  .941  244.4  14.9  .997 

22.797  41.9422114.4  -49.11  .920  240.6  12.9  .740 

H.)C4  n.94>  1499.2  -71.19  .901  270.7  29.4  .429 

14. 69*  29.140  1401.2  ‘79.46  .490  277.4  27.9  1.04) 

•4.4C2  20.242  1629.0  -79.67  .46)  261.7  29.6  1.274 

94.414  16.629  1761.0  -82.74  .476  266.)  24.9  1.497 

44.160  |4.)n  1  704.1  -69.  19  .474  292.2  21.4  1.4)6 

60.747  12.161  1696.4  -67.60  .470  299.4  22.9  1.620 

42.0)1  10.644  1614. I  -64.96  .447  246.9  21.7  2.001 

10.614  4.644  1976.*  -41.1)  .444  101.0  21.1  2.162 

119.4)7  8.42>  1944.)  -42.41  .441  )0).)  20.4  2.)70 

126.427  7.774  191).  1  -44. )4  .494  )09.)  14.4  2.994 

141.644  7.C40  1464,4  -49.64  .497  )07.2  14.4  2.744 

194.42*  6.499  149*. 7  -44.*)  .494  >0*.V  14.0  2.4)7 

166.412  9.4)6  1414.4  -47.4)  .49)  nO.4  I*.*  ).W4 

162.0)9  9.44)  1411,4  -46.49  .491  111.*  I*. 2  ).)04 

149.794  9.106  1)40.6  -44.40  .444  )l).2  17.*  1.490 

2C4.92*  4.77)  lirt.O  -100.74  .447  >14.4  17.9  ).66* 

22). 109  4.476  1)92.4  -101.62  .446  >19.9  17.2  ).B4) 

2)7.064  4.216  11)4.6  -102.40  .444  IIA.A  16.9  4.01) 

290.800  1.467  1)16.2  -10).))  .44)  >17.6  16.7  4.1*0 

266. 4C9  1.  794  1)02.9  '10.6)  .442  )l*.6  16.4  4.)7) 

262.14*  1.942  1267.9  -104.46  .440  119.9  I*. 2  4.964 

241.9)4  1.190  1271.2  -109.12  .4)4  >20.)  U.O  4.764 

114.449  >.179  1294,4  -109,71  .*)*  121. I  19.7  4.460 

>11.992  1.016  1246.6  -106.26  .6)7  121.9  19.9  9.199 

1*8.12*  2.671  12)4.1  -IC6.6)  .4)9  >22.6  19.4  9. >49 

>69.24*  2.7)6  1222.2  -1C7.)4  .6)4  >26. >  19.2  9.942 

>82.216  2.61*  1210.7  -107.64  .4))  >24.0  19.0  9.7)9 

349.411  2.904  1194,7  -|0*.)2  .6)2  >26.6  16.*  9.429 

616. 6C7  2.400  1184.1  -10*. 76  .6)1  >29.)  14.7  6.1)4 

431.648  2.109  1171.9  -IC9.22  .6)0  >29.6  16.9  6.)0l 

491.114  2.217  1164.0  -109.64  .629  >26.4  14.4  9.4*6 

461.1*9  2.1)9  1199.9  -1)0.09  .62*  >27.0  I*. 2  6.666 

689.646  2.099  1190.2  -110.6*  .626  >27.9  14.1  6.*4* 

9C2.I79  1.969  1141.)  -110.62  .427  >2*.0  |6.0  7.029 

920.066  1.92)  11)7.7  -111.14  .426  >2*. 9  1).*  7.200 

937.20  1.661  1124.1  -1  11.99  .429  )2*.4  |).7  7.172 

994.27*  l.•04  1116.2  -111.64  .624  >29.4  1).6  7.941 

971.264  1.790  1108.4  -112.2)  .62)  >29.*  1).9  7.70* 

968.216  1.700  1100.7  -112.99  .62)  ))0.>  1).6  7. *7) 

609.066  l.*9)  104).)  -112.6*  .622  ))0.7  l>.)  *.0)2 

621.8)6  1.60*  1066.0  -111.17  .421  ))l.l  1>.2  *.191 

6)9. 6*6  1.96)  1079.0  -li).66  .*20  111. 9  l).l  i.)6* 

694.6*1  1.91*  1072. 1  -1  11.79  .620  »).*  1).0  *.99* 

674.697  1.471  1069.4  -116.0)  .614  ))2.2  12.9  8.792 

644. 8C7  1.429  1096. 4  -114. )l  .61*  >)2.6  12.*  t.967 

720.12)  1.}B9  1092.9  -116.97  .61*  ))2.*  12.7  9.162 

66.046  14.69*  1714.6  -*6.99  .67*  291.7  2).6  1.606 


221.1 

261.2 

279.1 

262.6 

266.6 

269.6 
290.* 

241.6 


222.6 

262.6 

277.6 

269.7 

240.7 
244.2 

246.4 

247.9 

246.9 

244.4 
244.  7 


241.7  24*. • 


I  At 
90000 

224.1 
266.0 
262.) 
242.0 

246.6 
>01.9 
>07.  ) 
no. 4 

>12.4 

ns.o 

>16.* 

>16.4 

nv.7 

>20.4 

>21.4 

>22.6 

)2>.6 

>24.4 

>29.0 

129.6 

326.2 
326.  7 
>27.  I 

327.9 

327.4 

326.2 

326.4 

126.7 

126.4 
324.  1 

124.2 

124.4 

124.9 
124.6 
)24.7 
124.* 
124.4 
1)0. 0 
))0.0 
1)0. 1 
110.1 
))0.2 


112.9 


I  V6C  Cf  SEA  Cf  VAC 
I VI 


224.9  1.219  1.220 

266.7  1.6)7  1.66* 

26). >  1.9)6  1.994 

24). 1  1.996  1.61* 

>00.2  1.977  1.692 

>09.4  1.942  1.6*1 

>04.9  1.600  1.70) 

>12.4  1.606  1.722 

>19.7  1.7)7 

)l*.l  1.791 

>20.2  1.762 

>22.1  1.772 

)2>.7  1.7*2 

>29.2  1.7*0 

>26.6  1.7*7 

>27.6  l.tO* 

>24.0  I.SIO 

)>0.0  US16 

))l.0  l.*21 

>>1.4  I. *26 

)>2.7  ..*)! 

))>.9  l.*)9 

))4.)  l.*60 

>)9.0  l.*6) 

))9.7  1.167 

))6.)  ).*91 

))9.4  1.19* 

))7.9  1.197 

))*.0  l.*60 

))*.9  l.*6) 

3)4.0  l.*66 

3)4.9  l.*6« 

»4.4  l.i7l 

)*o.*  i.tn 

)*0.B  I.B79 

)*1.2  l.BT* 

3*1.6  l.**0 

3*2.0  l.**2 

3*2. >  1.*** 

362.7  U*«6 

363.0  I.*** 

3*3.)  I.*** 

36). 6  l.*91 

3*). 4  l.««3 

166.2  1.*** 

366.9  1«**6 

366.*  ).**• 

3*9.1  ).*** 

3*9.)  1.901 

3*9.6  1.902 

319.)  1.609  1.739 


1 

I 


PRESSURE  PROFILE  OAT& 

SYSTEP  LlCUIO  BIPROPELLANT  PC  1000.  PSIA 


COMPONENT 

TREF 

FORMULA 

density 

MEAT  FORM 

WT 

DEG 

K 

GM/CC 

IKCAL/FORM.nT. 

) 

298 

N2*04 

1.4J 

-S.4 

64 

29b 

N2*H<. 

1.004 

♦12.05 

16 

BULK  CENSITY  *  1.241  GM/CC 

PICTURE  RATIO  *  1.778  L6  OXIDIZER  /  LB  OF  FUEL 


PRESSURE  PROFILE  DATA 


CHAMBER  ENTROPY  267.97  Fu/100GP$ 


PRESSURE,  PSIA 

CmAPBER 

lOCU  398.1 

158.5 

63.  10 

frozen 
25.  12 

expansion 

14.70  10.00 

3.9bl 

1 . 585 

.631 

.251 

.  100 

THROAT 

557.9 

TEMP,  deg  K 

3163.5 

26  7  3.4 

2250.2 

1883.9 

1567,2 

1402.9 

1293.2 

1057. 1 

H55.2 

664.8 

54  3. 3 

427.9 

2844.7 

Enthalpy  i-i 

-9, 7B 

1  1.91 

33.89 

50.67 

64.67 

71.69 

76.28 

85.81 

93.57 

99.81 

104.79 

108.72 

5.69 

CP 

•  4885 

.4779 

.4653 

.4502 

.4  329 

.4219 

.4135 

,  3938 

.  3746 

.1582 

.3455 

.  3370 

.4819 

IMPUL  OPT 

14  1.57 

194.91 

229. 33 

254.50 

266.23 

273.62 

288. 38 

299.85 

308,7  7 

315. 71 

321.09 

116,01 

IMPGL  VAC 

215.1 1 

239.26 

260. H9 

278. 16 

286,48 

291.78 

302.46 

310.81 

317.29 

322. 32 

326.21 

210.22 

EPSILON 

1.064 

1.657 

2.962 

5.577 

0.15? 

10.752 

20.948 

40.941 

79.969 

155,853 

303. 179 

l.OOO 

PKESSURc,  PSIA 

loco 

398.  1 

158.5 

6  3.10 

Shifting  expansion 

25.12  14,70  10.00 

3.9BI 

1.585 

.631 

.251 

.100 

570.3 

TEMP,  DEG  X 

3163.5 

2822.4 

2486.  1 

2151  .G 

1829.2 

1653. 1 

1533. 3 

1271.0 

1042,6 

846.2 

679. 7 

540.8 

2954.3 

6  UHALPY  (-} 

-9.78 

14.41 

15.65 

54.1 1 

69.09 

77.93 

83.21 

94. 31 

103.46 

1 10.93 

116.97 

121.79 

5.33 

X  BAR 

4.444 

4.  192 

4.  358 

4.  34l 

4.  335 

4.334 

4.333 

4.  333 

4.  333 

4.333 

4.333 

4.  333 

4.410 

N 

4.444 

4.392 

4.  358 

4.  341 

4.  335 

4.  334 

4.333 

4.333 

4.  333 

4.333 

4.333 

4.333 

4.410 

CP 

.  8995 

.  75  74 

.624  3 

.5263 

.4684 

•  4474 

.4352 

.4112 

.  3903 

.  3708 

.3540 

.3409 

.8133 

IMPUL  OPT 

145.06 

19H.81 

235. 76 

26),28 

276.24 

284.43 

300.92 

31 3.88 

324.06 

332.06 

330. 32 

1  14.66 

I-PUL  VAC 

218.93 

245.93 

270.01 

209.31 

298.66 

304.6? 

316. 75 

326. 32 

333.85 

339. 73 

344.31 

212.90 

E^SILCN 

1.077 

1.  726 

3.151 

6.018 

6.658 

11.725 

23.075 

45. S85 

90,014 

177.236 

347.663 

l.OOO 

52.10  H 

.0191 

.  0074 

,0C19 

COMPOSITION  SHIFTING  (MOL/lOO  GM ) 

,000)  .0000  .0000  .0000  .0000 

.  0000 

.0000 

.0000 

.0000 

.oil  1 

Z9.20  r-«N 

.ooco 

.0000 

.ocoo 

.0000 

.0000 

,0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

-10.00  h«N«C 

.OICO 

.0057 

.0C3O 

.OCl) 

.0005 

.0002 

.0001 

.0000 

.0000 

.0000 

.0000 

.0000 

.0072 

V.3j  H*0 

.1760 

•  1088 

,055  3 

.0209 

.0054 

.0020 

.0009 

.0001 

.0000 

.0000 

.0000 

.0000 

.1337 

.00  h2 

.0873 

.04  34 

.0159 

,0037 

.0005 

.0001 

.0000 

.0000 

.  0000 

.0000 

.0000 

.0000 

.0587 

40.30  H2«N 

.0000 

,0000 

.OCOO 

.0000 

.0000 

•  0000 

.0000 

,0000 

.cooo 

.0000 

.0000 

.0000 

.0000 

-57.80  h2»0 

2.0566 

2. 1422 

2,2C06 

2.2317 

2.2432 

2.2454 

2.2461 

2.2466 

2.2466 

2.2466 

2.2466 

2.2466 

2,1119 

-11.04 

.OOCO 

.0000 

.OCOO 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

,0000 

IIJ.OO  N 

.0000 

.0000 

.OCOO 

,0000 

.0000 

.0000 

.000  0 

.0000 

.0000 

•  0000 

.0000 

.0000 

.0000 

21.65  N*0 

•  0894 

.061  1 

,0  376 

.0196 

.0081 

.0043 

.0026 

.0006 

.0001 

.0000 

.0000 

.0000 

.0716 

fl.06  N*C2 

.0CC2 

.0001 

.OCOl 

.0000 

.0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0001 

.00  S2 

1. 7690 

1  .  7854 

1.7S86 

I. 8084 

1.8145 

1.6166 

1.0175 

1.8185 

1.0188 

1.61B8 

1.8188 

1 .8188 

1.7794 

19.50  N2*0 

•  OOCO 

.0000 

.OCOO 

.0000 

.0000 

•  0000 

.0000 

.0000 

.  0000 

.0000 

.0000 

•  0000 

.0000 

59.56  0 

•  0226 

.011  3 

.0C42 

.0010 

.0001 

.0000 

.0000 

.0000 

.0000 

•  0000 

.0000 

.0000 

.0152 

.00  02 

.2135 

.2264 

,2407 

.25)0 

.2624 

.2651 

.2662 

,2674 

.  2677 

.2677 

.2677 

.2677 

.2212 

-148 


Li(.uin 

CCHPOhfNt  t«(F  fOftMUL* 

Dec  K 


1 .000 
^.000 
i.OOO 
4>.000 

s.ooo 

6.000 

7.000 

8.000 

4.000 

kO.OOO 

a. 000 

I?. 000 

1  i.OOO 
16.000 
a. 000 
16.000 
1 7.000 
18.000 
14.000 
^0.000 
71.000 
72.000 

2  l.u^O 
26.000 
20.000 
26.000 
27.000 
28.000 
24.000 
10.000 
11.000 
12.000 
>1.000 
>6.000 
iS.OOO 
16.0O0 
17.000 
18.000 
14.000 
60.000 
61.000 
62.000 
6  1.000 
•6.000 
•6.000 
•  6.000 
•  7.000 
•8.000 
64.000 

oc.ooo 

8.  l>  7 


PC/P  P  PSU 


I  .oco 
1.74? 
4.228 
16.1 78 
26,)66 
16.616 
66.261 
66.048 
66.261 
78. U1 
40.622 
lC1.2e? 
I  16.8  78 

110.464 
as. 667 
160. 2t7 
1 76.  166 
140. S64 
216.842 
221 .260 
2)6.616 
242  .;1S2 
264.662 
2»'7.666 
1l6 . 764 
126.2  :? 
)6  1.3  1  8 

161.464 
if  I .064 
6C0.  i6  i 

614. 6.6 

611.1  a 

•  68,6  7  - 
•78,061 

•  47,612 
416. 4^0 
616.)!  4 
6‘ 6 .6  )6 
67«.87) 
646.028 
611.016 
612.268 
6  66 .62.< 
6  77.2  IP 
7C0.061 

721. 1.6 
766.1 72 


ICOO.COO 
667.880 
108.  161 
61.812 
14.666 
28.840 
22,641 
le.  164 
16.092 
12. 746 
11.C67 
4.682 
8.666 
7.616 
6.876 

6.214 

4.  701 
6.267 
6.867 
6.620 
6.220 
1.467 
1.  704 
i.  6  7  n 
>.270 

1. C86 
2.416 

2.  76  1 

1. ti» 
2.64S 

2.  >8  i 
2.277 
2.181 
2.C42 
2.I.IJ 
1.41^ 
1.866 

1.  76v) 
1.68  1 
1.611 
1.462 
1.62a 
1.677 
l.*2l 
1.  IBI 


1161.6 

2866. 7 

2116.0 

1876.8 
1  726.0 

1617.1 

1616.2 
1667.0 
16*0.9 
I  161. U 
1121.1 
1286.6 
1261.6 
1222.0 

1146. 1 

1170.6 

1167.9 

1126.4 

1107.6 

1084. 1 

1072. 1 
1066.  1 

1061.2 

1026.4 

1011.6 
1010.6 

488.  1 
476.  7 

466.6 
166.4 

466.8 
4i6.0 

124.6 

416.6 
437.  1 
8<4.6 

841.6 
•  •  ) .  6 
8  76.1 

668.8 

861.7 

846.8 
868.2 
86  1.T 
8  )'.  • 


764.' 


)6 


It  J .6  86 
81 7.  itO 
86 1 .2  ^6 
68.066 


806.6 

831.2 

1632.1 


4.78 
-6.64 
-60.20 
-60.49 
-67. T7 
-62.60 
-66.04 
-68.48 
-71.16 
-71.17 

-  76. U 

-  76.66 

-  77.44 

-  74.20 
•  80.10 
-91.24 
-82.20 
-81.06 
-81.82 
-86. 66 
-86.21 
-86. 86 

-  86.66 

-87.00 

-  -7.62 
-88.0? 
-88.60 
-88.16 

-  84. 18 


-  .1.43 

-  I?. 21 
•  ••2.s: 

-  42.  14 
-41.36 
-•.!.)) 


•  46. /a 

-  .••47 

•  14.18 
-44.  18 

-  46.41 

-  71.64 


CN/CC  IKCAl/P 

l.*»  -6.6 

1.006  *12.06 

(KPAN6|9*8 
C  StAP  «  66)1.6  PT/SfC 
CP  CAl/  1  QPf  OCLvAC  CELVAC  I  SEA 
SH  OEC  />>  LVL 

.689 

.682  116.0  46.2  .169  207.7 

.660  204.0  18.2  .161  262.1 

.660  224.9  11.6  .607  261.8 

.662  262.6  27.)  .691 

.6)6  260.8  26.7  .967 

.6)1  266.9  22.4  1.016 

.626  261.8  <1.6  1.1(16 

.62?  266.7  20.6  1.162 

.6l4  264.0  14.6  1.672 

.•16  271.8  18.  7  l.«>9l 

.61)  276.2  18.0  1.864 

.610  276.)  17.6  2.0)6 

.608  278.2  16.1  2.210 

.606  274.4  16.6  2.)86 

.606  281.6  16.0  2.66> 

.602  282.1  16.6  2. 7)1 

.600  286.2  16.2  2.40) 

16.4  ).064 

I..'*)? 


.  )48 
.14  7 


.  )T0 
.  164 
.622 


116.0 

204.0 

224.9 
262.6 
260.8 

266.9 
261.8 
266.  7 
269.0 

271.8 

276.2 
276.  ) 

278.2 

274.9 
28  I  .6 
282.1 

286.2 
286.6 
266.6 
28f.6 
2b8.6 
28  *.  ) 
240.2 
241.0 
211.7 

242.6 
241.1 
2*).  7 
2*6,  1 
2*6. V 

216.6 
2*6.0 

246.6 
24  7.  V 
2*7.6 
2*7.* 
2*6.  i 

248.7 

241.1 

294.6 
/**.* 

133.2 

133.6 

iCl  .  ) 
V3t.6 
101.4 
)C2.2 

432.6 

102.8 

266.2 


t/.O 

11.4 

11.7 


1.404 
•  .Oil 
6.2  72 
*.66  1 


6.166 
6.  ill 
6.60a 
6.677 
6  .  H62 
6.006 
6.166 
6.  122 
6.677 
6.62" 
6.  776 
6.  *26 


1  AT  I  /AC 
60000 


208.6 
26). b 
266,1 
269.6  262.7 

262.9  266.7 

266.9  264.6 

266.9  271.1 

266.2  H2.2 

2  72.8 
271.1 


209.9 
2*6.  7 
260.6 
266.6 
2  76.  1 
27m.  1 
281  .  1 
281.8 
286.8 

287.6 
2H4.0 
240.  i 
241  .  1 
2  42  .  1 
24  »,  I 
241.8 

246.6 
246,0 
2  46.6 


2  '*6 . 8 
2it.  I 
21/. 6 
21/,  6 
217.8 
24g.O 
2  48.  I 
21b.  i 
;4m.6 
2  48.6 
2-48.6 
4B.  7 
24a.  7 
24b. 8 
24b,  1 
2*8.4 
218.4 


210.2 

267.1 
261.) 

264.7 
2  76.6 
2  74,4 
28  i.  i 
286.  I 
288.6 
210.6 

242.2 

241.7 
216.  I 
24b.  1 

247.6 

248.6 

244.6 
)00.  i 
)01 . 1 
lOl.M 

102.6 
101. 1 


1.210 

1.411 

1.60) 

1.5)7 

1.667 

1.664 

1.674 

1.576 


iO).. 
106.1 
106.1 
106,6 
406.4 
136.  1 
lOa.B 
107.2 
107.6 
IDM.C 


10.  1 
10.2 

13.2 

23.2 


111. * 
112.1 

112.  i 


266.2  272.)  24.. 1  2b6.6  1,677 


1.246 
1.464 
1.647 
1,697 
1.612 
1.657 
1.677 
1.694 
1.708 
1.720 
l.TiCi 
1.719 
1.  74.7 
1,756 
1.761 
1.767 
1.  7  71 
1.778 
1.781 
l.Ta7 
1,741 
1,7/6 
1.71-4 
1  .>*''-2 
I  •  806 
1  .  hOb 
1.811 
1.81* 
1.817 
1.814 
1.821 
1.924 
1.826 
1.828 
I  .113 
l.»i2 
I  ,8  14 
1.8)6 
1.8  17 
1.814 
1.841 
1.442 
1.846 
1.866 
1  .8*6 
1.968 
1.841 
1.450 
1.H62 
1.861 
1.64b 


1.000 
2.000 
i.OOO 
6.000 
6.000 
6.00  3 
7.000 
8.000 
4.003 
10.000 
a. 000 
12.000 
1 1.000 
16.000 
16.000 
16.000 
1 7.000 
18.000 
14.000 
23.000 
21.000 
22.000 
2). 000 
2*. 000 
26.000 
26.000 
27.000 
28.000 
24.000 
10.000 
11.000 
>2.000 
11.000 
36.000 
16.000 
16.000 
17.000 
18.000 
14.000 
60.000 
61.000 
62.000 
61.000 
66.000 
66.000 
66.000 
67.000 
68.000 
64.000 
>0.000 
8.B6a 


1.3:3 
l.75i 
4.110 
16.160 
22.861 
11 . 166 
11. at  I 
•  4.  j;2 
1-4.28  1 
64.) 7  1 
40 . 6  :  4 

a  7  j  I 

1C).2«6 
116.621 
12". U* 
161.163 
166. )ei 
ie7,824 
iei.6<9 
116.126 


2C8.> 


1C00.C33 
6/,. 3)6 
111.  U* 
64. c; 7 
4l.  783 
11.932 
26, 21* 
20.2a» 


tap  fsf-AiPy  I 
Cf.  *  •'■.At/noop 
1161.6 


6-IH163  E«PASM7 
C  6tA4  •  6641.9  Pt' 
CAi/  I  ■*pt  oa  *AC  :.T 


I  ac  CP  60  CP  <ac 


-1 


222.666 
2  16.42  1 
260.166 
.’66.66  ) 
2el.6  72 
247.  7  14 
314.122 
1)0.7>,4 
167. 4ES 
)t4. 1 7  1 
ibi.isa 
148.618 
416.710 
612.961 

460.220 
467.648 
686.768 
6C2.01) 

611.220 
6  16. 1  76 
651.4  77 
670.6Cfl 
687.468 
6C4.)6l 
621.167 
6  39.1  14 
658.919 
678.407 
649.0  71 
719. 4C2 

6&.Q4b 


6.468 
6,512 
6.  126 
6.  78/ 
6.611 
6.2)3 
3. 11  f 
i,  766 
i.66l 


2.604 
2.606 
2.)iO 
2.221 
2.  Ill 
2.C6) 
1.442 
1.42b 


1.665 

1.618 

1.47) 

1.4)0 

1.190 

14.696 


24S6.  1 
2  116.6 
21  76.6 
2028.6 
1 *17.4 
1810.6 
1  768.4 

1614. 1 
|64>..| 
U'lO.S 
166'3.i' 
162). 7 
14»3.* 
l6aU3 
i6ll.6 

1438. 1 
1  194.8 
1  167.4 

I) 62.5 
I >2).  1 
I  136.  ) 
1288.  1 

1272. 1 

1266.1 

1/62.  1 

1220.5 

1215.1 

1232.6 

1140.5 
1178.4 

1167.8 

1157.1 

1166.8 

II) 6.8 

1127.1 
1118.0 

1104.1 
aoo.4 
1042.0 
10*1.4 
1076.0 
1068.) 
1060.9 
106). 7 

1066.7 
10)9.8 
10)1.1 

1026.6 

1020.) 

1014.1 
166). I 


-6.11 
-•3.97 
-62.81 
-to. 14 

-66.72 

-64.4) 

-  71.16 

-  76.10 

-  78.26 
-aO.27 
•*2.36 
• •l.aj 
-86.06 
-•■6.  il 
-87.60 
•84.68 
-84.67 

-  10.64 
-11.16 
-■52.16 

-  12.8  » 
-11.63 
- »•. 26 
-46.81 
-46.44 

-  J6.05 
-96.69 
-57.10 
-17.64 
-48.06 
-18. >l 

-98.  >4 

-19.16 

-  -J4.  76 
-KO.l) 
-ICO. 60 
-ICO. 86 
-101.19 
-101.6) 
-131.85 
-1C2.16 
-IC2.46 
-IC2,76 
-lO.O) 
-IC).  II 
-10.57 
-10.8) 
-104.09 
-IC4. )) 
-1C4.67 

-77.4) 


.481 

.484 

.464 

^442 

.4)4 


.428 

.426 

.42) 

.421 

.414 

.418 

.416 


.410 

.404 

.407 

.406 

.406 

.4(34 

.402 


.  184 
.188 
.188 
.467 


114.  7 
213.  ) 
21). 5 

247.1 
266.) 
26). 7 
268.6 

27  ).0 
2 '6. 7 
2/4.1 
282.6 
285.  1 

28  7.2 

281.2 

240.4 

242.6 
244.0 

246.4 
24a. 4 
2*7.8 

240.1 

244.4 
>03.4 
*01.8 
)02.6 
)0  1.4 
)04.2 
)04.4 
>06.6 
)0a.  1 

106.4 

107.6 
lOe.i 
)04, 7 

104.2 

104.7 
>10.2 
110,  7 

111.2 
111.6 

112. 1 

112.6 

112.4 
ID.) 

111.7 
)14.0 
1)4.4 
)14.7 
)15.l 
)15.4 

278.2 


9.2  .1/2  21* 


42.4 
>4.9 
13.  / 


11. • 
18.  * 

14.6 
18.0 

17.6 
17.) 
I  7.0 

16.6 
ia.4 


16,2 

15.3 

i4.e 


11.9 
)  1.8 

11.7 

11.5 

11.4 
1  ).  ) 

11.1 
11,0 

12.4 
12.4 

12.7 

12.6 
12.6 
12.4 
12.  1 

12.2 
12.1 
12.0 
22.6 


.  166 
.628 
.  70? 
.8/9 
1.014 
1.2C1 


1  .  725 
I  .  61' 
2.(36- 
2.246 
.42a 
.6(35 
.  784 
.961 
1)6 


7.6 
26C.b 
267.6 
2/1.4 
2  >4.0 
2  /5.4 
2  /6.0 


).  104 
1.477 

).a*2 

).404 
).96t 
4. >45 
4,1)3 
4.516 
4.  700 

4.  M8> 
5.069 
5.25i 
5.4)5 
5,615 

5.  795 

5.  *7/ 

6. 147 

6.  >20 
6.441 
6.651 
6.624 
6.488 

7.148 
7.106 
7.462 
7.614 

7.  765 
7.928 

8. U2 
8.296 
8.480 
8.665 
1.526 


/li.  1 
249.  I 
262.4 
2  70.6 
2  76.) 
278.6 
280.  7 
252.1 
28  i.  1 
25  i.6 
28).- 


25/. 4 
278.6 
292.8 
2M/.6 


216.4 
2*8.4 
)3l.  1 
iCl.b 
iC2. 0 
)04.0 
)C4.9 
)C5.8 
)36. 6 
)07. 1 
)a7.4 
)08. 5 
101.0 
to*.  6 
101.1 
)U.  1 


.'12.1 

252.7 

268.  ) 

277.8 

204. 1 

201.2 
24). I 
24a. ) 
241.0 
ill .  i 
iOi.  ) 
>06.1 
)C6.  7 


ill. 4 
>11.6 
>11.8 

111. 4 
>12.  I 
112.2 
112.  1 

112.4 
)\2.5 
il2.6 
i|2.b 
>)/.  7 


I  .236 
t  .437 
1  .61  i 
1.55* 
1.576 
1  .511 
I  .594 
1.603 


114.4 

115.2 
ilb.O 
Ub.  7 
)l  7.6 

118.3 

llM.b 

319.2 

ill.  7 

120.2 
120.  7 
)21.2 

121.5 
>22.1 
)22.5 

322.1 

321.1 

323.6 
324.0 

124. 1 

324. 7 
325.0 

112.8  325.1 

125.6 

326.1 

326.2 

326.4 
126.  7 
127,0 
32  7.2 

327.6 

276.2  28). 0  <46.1  248.7  1.604 


1,221 
1.467 
1.668 
1.611 
1.651 
1.679 
I  .  702 
1 .  720 
1  .  7  16 


I.B8) 

1.846 

1.BH7 

1.889 

1.840 

1.442 

1.894 

1.896 

1.897 

1. 898 

1.900 

1.901 
1.7)4 


PRESSURE 

profile 

DATA 

SYSTEM  L iCUin 

HiPROPELLANf 

PC  300.  PSIA 

COMPONENT 

TREE  FORMULA 

PENSI IV 

HEAT  FORM 

WT 

.  0/0 

DEG  K 

GH/CC 

(KCAL/FORM.mT. ) 

298  N?»04 

1. 

43 

-5.4 

40 

290  N2»H4 

u 

004 

♦12.05 

60 

eULR 

DENSITY  *  1.140  GM/CC 

MIXTURE  RATIO  » 

667  18 

OXIDIZER 

/  LB  OF 

FUEL 

PRESSURE 

PROFILE 

DATA 

ChAHBER  ENIROPY 

331.05  eu/lOOGHS 

ChAPBER 

THROAT 

frozen 

EXPANSION 

PHtSSuRE, 

PSI  A 

300.0 

1  3^  .  7 

60.49 

27.16  14.70 

12.20 

5.477 

2 . 460 

1.104 

.496 

.223 

.  100 

165.8 

IEMH,  oeo 

K 

?ss?.? 

U  3  1.2 

1541.0  1 342.7 

1286.6 

1066. I 

876.7 

715.8 

580.9 

469.0 

37  7.9 

2262.9 

ENThALP'^  I 

1-  ) 

-20.21 

2.S2 

21  .80 

36.05  48.71 

51.66 

62.99 

72 , 34 

80.01 

86.25 

91.  30 

95. 36 

-3.02 

CP 

.59-^7 

.SHAO 

.5656 

.5459  .5292 

.5240 

.5035 

.4844 

.4684 

.4562 

.4481 

.4427 

.5800 

IMPUL  OPT 

IA0.6A 

191  . 1  7 

225.13  244.87 

250.06 

269.04 

283.76 

295.20 

304. 33 

311.47 

317.09 

122,29 

IMPUC  VAC 

221.49 

241 .46 

261.03  273.62 

277.04 

289.02 

299.96 

307.99 

314.  34 

319. 37 

323.34 

219.33 

ehsujn 

1.025 

1 . 420 

2.258  3,343 

3.780 

6. 48  3 

11.256 

19.669 

34.485 

60,591 

106. 702 

l.OOO 

SHIFTING  EXPANSION 

PkESSORE. 

PSI  A 

300.0 

1  34,  7 

60.4) 

27.16  14.70 

12.20 

5,477 

2.460 

1.104 

.496 

.223 

.  100 

165.9 

TtMP,  DCG 

K 

2S52.2 

21BB.  9 

l«5  7.0 

1563.2  1  363.0 

1  306.4 

1083.6 

892.0 

729.0 

592.2 

479.  7 

394.2 

2200.9 

E  iTHALPV  ( 

) 

'20.21 

2.62 

22  .08 

38.51  49.30 

52.29 

63.77 

73.26 

81.04 

87.  38 

92,52 

96.69 

-2,98 

X  BAR 

6.066 

6.055 

6.  C52 

6.051  6.051 

6.051 

6.051 

6.051 

6.051 

6.050 

6,045 

6.015 

6.056 

N 

6.066 

6.055 

6.  C52 

6.051  6.051 

6.051 

6.051 

6.051 

6.051 

6.050 

6.045 

6.015 

6.056 

CP 

.67S9 

.6078 

.5  716 

.5479  .5307 

.5256 

.5049 

.4857 

.4697 

,4590 

.4661 

•  5942 

.6213 

IMPUL  OPT 

140.94 

191.81 

226.02  245.92 

251.15 

270. 31 

285.16 

296.80 

305.95 

313.17 

318.91 

122.44 

IMPLL  VAC 

222.2  3 

242 .46 

262.20  274.91 

278.37 

291.28 

301.53 

309.65 

316.07 

321.  10 

325. 33 

219.98 

EPSILJN 

1.026 

1.424 

2.266  3.356 

3.795 

6.513 

1 1  .  316 

19,788 

34,726 

61.152 

109. 326 

1.000 

COKPdSiTlON  SHIFTING  (MOL/IOD  OH) 


52,10 

h 

.0241 

.0061 

,OCIO 

.0001 

•  0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0090 

79,20 

.ooco 

.0000 

,ocoo 

.0000 

.0000 

.0000 

.0000 

,0000 

.0000 

.0000 

.0000 

.0000 

.0000 

-10.00 

H*N*  2 

•  0003 

.000  1 

,ocoo 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

,0000 

.0000 

.0000 

•  0001 

9.33 

hto 

.004fi 

.000  7 

,OCOl 

.0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

•  OOOO 

.0000 

.0000 

.0013 

•  OU 

h2 

1.9963 

2.0028 

2,0C50 

2.0054 

2.0055 

2,0055 

2.0054 

2.0053 

2.0050 

2.0030 

1.9960 

1 .9500 

2.0017 

*♦0.30 

»’2«N 

•  OOCO 

,0000 

.ocoo 

,  0000 

.0000 

.0000 

.0000 

.  0000 

.0000 

.0000 

.0000 

.0000 

•  OOOO 

-57.00 

h2«0 

1.7333 

1.7300 

1,7  388 

1. 7368 

1 . 7380 

1.7300 

1.7  380 

1.  7388 

1.7300 

1.7300 

1.7308 

U  7308 

1.7374 

-11.04 

m3*N 

.0001 

.0001 

.OCOl 

.0001 

.0001 

.0001 

.0001 

.0001 

.0003 

.0012 

.0058 

.0365 

.0001 

Hi. 00 

N 

.OOCO 

.0000 

.OCOO 

.0000 

.0000 

.0000 

.0000 

.  OOOO 

.0000 

.0000 

.0000 

.0000 

•  OOOO 

21.65 

N*C 

.0004 

.0000 

.OCOO 

.0000 

.0000 

.0000 

.0000 

.  0000 

.0000 

.0000 

.0000 

.0000 

•  0001 

8.06 

N»02 

•  OOCO 

.0000 

.OCOO 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

•  OOOO 

.0000 

.0000 

•  OOOO 

.00 

N2 

2.3065 

2.3060 

2. 3C69 

2. 3069 

2.3069 

2.3069 

2. 3069 

2.  3068 

2.3067 

2.3063 

2.3040 

2.2866 

2. 3068 

19.50 

N2*0 

.OOCO 

.0000 

.OCOO 

.0000 

.0000 

.0000 

.0000 

.  OOOO 

.0000 

.0000 

.0000 

.0600 

•  OOOO 

59,56 

C 

.0000 

.0000 

.OCOO 

.0000 

•  0000 

.0000 

.0000 

.  OOOO 

.0000 

.0000 

.0000 

.(/ooo 

.0000 

.00 

C2 

•  OOCO 

.0000 

.OCOO 

.0000 

.0000 

.0000 

.0000 

.OOOO 

.0000 

.0000 

.0000 

.booo 

•  OOOO 

150* 


1 

1 

i 

sistep  Lumo  tiPPOPEiiAsr 

PC  100.  PSIA 

1 

C9HP0KENI  IRf 

FORMULA 

OENSi rr 

HfAl  FARM 

Hf.  0/0 

1 

DEG 

A 

GH/CC 

IKr.AL/FORN.HT 

1 

1 

798 

N7*0* 

l.*> 

9.* 

*0. 

798 

N78H* 

1.00* 

•17.09 

60. 

FROZEN  EXPANSION 

C 

StAR  • 

96*9.1  Ff/SEC 

E*’SJLi»N 

PC/V 

P  PSU 

TFHP 

EHIhAlPV  CP  CAL/  1  OPt 

oelvac  oelvac 

1  SEA 

1  Al 

t  *1 

1  VAC 

CF  SEA 

CF  VAC 

A 

CEO  K  RC6L/1000H  OM  DEC 

/p 

IVl 

10000 

90UOO 

VL 

1 

i.Oto 

100. coo 

7997.7 

70.71 

.600 

■  1.000 

i.a<.9 

169.80* 

7767.1 

).07 

.968 

177.) 

97.0  .989 

710.7 

71  1.  ) 

718.  1 

719.) 

1 .700 

l.7*V 

■  ;.ooo 

9.6C9 

)1.77l 

160*. 9 

-  )*.96 

.991 

718.7 

)7.9  1.711 

7  )8. 8 

7**. 7 

79*. 9 

796.6 

1  .  160 

l.*67 

■  1.000 

17.169 

17.776 

1  39*. 7 

-*9.97 

.9)* 

7*0.0 

10.*  1.767 

7**. 9 

797.  1 

767.* 

2  70.* 

1  .  19) 

1.9*0 

«.ooo 

76.Bk6 

11.187 

1761.9 

-97.98 

.97? 

797.  ) 

76.7  7.  1*1 

79*. 9 

77*. 6 

7  78.6 

1.986 

b.OOO 

17. 6C* 

7.978 

1167.) 

-97.89 

.91) 

760.6 

71.9  7.9*1 

77V.  1 

78*.  1 

1.618 

ti.OOO 

*1.l<.* 

6.lli> 

1099.* 

-61.97 

.906 

766.  7 

71.9  1.979 

787.7 

788.2 

1.6*1 

^  f.OOO 

61.991 

*.87* 

10)7.7 

- t*.*7 

.901 

771.) 

70.1  *.U* 

78*.  * 

291  .* 

1 .660 

m  B.ooo 

79. ^s7 

1.18  7 

990.0 

-66. 79 

.  *96 

779.1 

18.9  *./l| 

7NS.V 

7V*,0 

1.6  7* 

■  q.OOO 

B1  .*  1* 

).  19* 

<*'1.9 

-68.  79 

.*97 

778.  » 

17.9  9.1)7 

287  ,  1 

296,2 

1.687 

H  10.000 

lCi.8  28 

7.881 

91*. 6 

-  >0.90 

.  *88 

780.1 

17.1  9.90/ 

;87.9 

798.0 

1.697 

■  11.000 

UB.^79 

7.9)6 

88*. 0 

-  71. 19 

.*89 

781.7 

16.*  6. *91 

288.6 

7V9,6 

1  .  706 

*  U.OOC 

1  1*.^C1 

7.?)9 

89b. 8 

-  7».)1 

.*87 

789.7 

19.8  7.0*6 

789,0 

101,0 

t.71* 

1  1.000 

191  .\ti 

1 . 189 

H)7.* 

- >*.*8 

.  *60 

787.0 

19.7  7.667 

789.7 

107.7 

1.771 

Iti.OOO 

16B  .6(.9 

1.77  1 

810.* 

• >9.9) 

.  *  >6 

788.6 

1*.  7  8.77* 

78V. 7 

101.1 

1.778 

1^.000 

ll!6.<*17 

l.tCl 

790.* 

-  >6. *9 

.*76 

790.1 

1*.)  8.877 

10*.  1 

1.7)3 

M  (C..OOO 

* .*  7  7 

i.*6; 

772.0 

-77.36 

.*  7* 

791.* 

1).V  9.661 

109.7 

1  .  7  )V 

H  17.000 

1.1*7 

799.1 

- >8.16 

.*77 

797.9 

11.9  13.0*6 

106.1 

1.7*1 

H  le.ouo 

^*1  .Oi..> 

l,?*1 

7  19.9 

- >8.90 

.*71 

791.6 

11.7  10.608 

106.8 

1  .  7*8 

H  I'l.ouo 

^97.190 

1.197 

779.0 

-  >9.98 

.*6V 

79*. 6 

17.  1  11.19* 

107.9 

1 .797 

W  ^o.ooa 

7  78 .*^9 

1 .  C  7  7 

MI. 9 

-80.71 

.*68 

7V9.6 

17.6  11. >1* 

108.7 

1.799 

.'l.OCO 

.'*1..'6l 

1 .  » 

bV*.P 

- *0.80 

.  *6  > 

29*.  S 

t?.*  12.  121 

108. 8 

t.79V 

^.'.000 

1.'9,.9  19 

116 

686.1 

-81.  16 

.  >.66 

7v>.  1 

17.1  17. V** 

131.* 

1  .  767 

^1.000 

1*7. U7 

.87  7 

67S.7 

-  8  1 . 8» 

.069 

218.0 

11.1  1  1.99" 

13V,  1 

1  .  769 

_  ^<*.000 

16*. 19? 

.87* 

66'  .  1 

-87.  W 

.*9* 

7V8.  7 

11.7  1*.161 

MO.* 

1,768 

S  ^^.0^0 

Ie6 .S  16 

.776 

699.  1 

-17.8* 

.  *6  1 

2  19.* 

11.9  1  * .  f  >6 

M3.V 

1.7  71 

■  .<(..000 

61.B.96H 

71* 

6s9.  ^ 

-8).7> 

.*62 

10).  1 

II.  1  19.17" 

Ml.) 

1.77) 

■  <'7.000 

*  11 .teO 

.6  19 

6  )6.  6 

-  8  1.6  1 

.*61 

100.7 

II. 1  19.17* 

Ml. 8 

1.776 

■  ^e.OOO 

*9*. St  1 

.660 

6?H.O 

-  8*. 01 

.*60 

)01.2 

10.1  16.961 

M7.7 

1,778 

.“1.000 

*  7  7.9  7  1 

.678 

6(1.8 

- e*. *6 

.  *99 

101.8 

IC.8  17.1** 

M7,9 

1  .  780 

JO.OOO 

SCO. 67* 

.91« 

612.0 

- “*.87 

.  *91 

107. 1 

10.6  1  >. 71 r 

M7.9 

1 .787 

11  .oyo 

9^1. 8*7 

.97) 

63%. 9 

-  89. 16 

.*98 

107.8 

13.9  18.787 

M  1.7 

1.78* 

i?.000 

9*7. g7? 

9*8 

997.* 

»  89. * V 

.  *98 

101.7 

.3. 1  18.1)7 

M  1.6 

1 .  786 

■  11.000 

970.111 

.976 

990.9 

-89.80 

.*97 

10  1.  7 

13.7  1  1.  189 

M  1.  1 

1  .  788 

■  l^.OuO 

.9-'9 

98*.  3 

-*6.13 

.*96 

)3*.l 

13.1  11.17* 

M*.7 

1.  7S9 

1  1^.000 

6  le  .7  6  7 

.*19 

977.6 

-  8b.  1  1 

.  *96 

10*. 9 

1.  1  73. *18 

M*.9 

1 .791 

1  ly.Oy*) 

6**. *21 

*66 

971.9 

- "9.6  * 

.*99 

10*. V 

V.1  71.117 

M*.B 

1.79) 

■  I7.9U0 

670,9.'9 

.**7 

969.6 

- "6.  1* 

.*99 

139.  1 

V.?  71.77'- 

M9.Q 

1.79* 

IH.OOO 

61? . 77  « 

.*)0 

16J.0 

--7.7.' 

.*99 

1*19.  > 

1.6  77. **l 

M9.  1 

1.796 

H.OOO 

77*. 877 

.*1* 

99*.* 

-  -7. *9 

.  *9* 

106.0 

1.9  77.V9S 

M9.9 

1.  ’97 

»0.000 

797.186 

111 

9*9.2 

--7.61 

.*9* 

106.* 

1.*  7).96i 

M9.1 

1.  799 

.  01. oo: 

777.7.8 

189 

S**.l 

-■7.  >7 

.*9) 

106.7 

1.  1  7*.19- 

)16.3 

l.acO 

M  H.'.owo 

8v7.S*l 

.171 

9  11..' 

•  -8. 1* 

.*91 

107. -3 

3.7  7*. 79; 

M6.7 

l.ljl 

■  oJ.OOl 

1  19.6.  1 

191 

9  •*.* 

-  -8.  19 

.*s) 

137.  1 

1.1  79.11" 

116. 9 

1.8C7 

B  ««.ooo 

8(1.117 

1«  7 

9,>1.  8 

-.9  7 

.*92 

137.6 

1.*-  76.031 

116.  7 

1.8C* 

■  '.'i.OvO 

«  .  1  •,  * 

118 

97S.  1 

--8.77 

.*97 

107. V 

8.V  76.63'. 

M6.  1 

1.809 

*6.000 

»7J.1<’6 

l.'S 

9'3.1 

-88.17 

.*9/ 

138.7 

1.  1  77.7'9 

M7.1 

1.836 

6  7.000 

1*1.6  16 

)16 

116.7 

•  -9.  16 

.*91 

108.9 

-.8  77.831 

M  7.7 

1.107 

•.8.0C0 

97«.*ei 

•07 

917.9 

-  - 1* 

.*91 

108. 7 

" .  >  7  8 .  )  i7 

M7.* 

1.83a 

*1.000 

UC7.*iO 

.718 

9.'9.9 

-89.9) 

.*91 

139.3 

8.6  78.913 

117.6 

1.809 

m  6y.ooo 

U  2e.**9 

.?e» 

93*. 7 

--1.  70 

.*90 

101.7 

8.6  79.96* 

MT.8 

1.810 

■ 

7;.*i* 

1*.616 

1  )<.?.  7 

-  86 .  7 1 

.  ->7  1 

7**.v 

7".l  1.1‘? 

7**.  1 

791.9 

7n.  1 

771.6 

1  .  )99 

t  .998 

S"17  ‘  IN 

.  UPA’.SIJ’. 

SlAR  • 

967*. 8  l/SfC 

eeiiios 

P  8SU 

If  *P 

t 

CAl,/  1  1*>t 

oHiAC  cfiis': 

1 

1  A) 

1  At 

I  1AC 

CF  SCA 

CF  vAC 

Df  •.  «  ■ 

C*l  /l-O)’."  . 

-  C-Ei 

tp 

1  It 

10303 

9C3O0 

1  IL 

lOv.C'jJ 

799».7 

7  J.71 

976 

B  1.000 

1  . 8  ■.  8 

169.  1|  1 

7780.1 

7.  >8 

671 

177.* 

9J.9  .91" 

711.) 

21  1.9 

.‘tl.O 

770.3 

1  .7*7 

1.198 

■  ^.ObO 

1.991 

11.  IB? 

l6.’l.* 

-  1*. 8  7 

991 

719.* 

M.)  1.711 

7)1.7 

7*9.1 

799.6 

297.6 

1.199 

l.*61 

■  1.000 

I7.7ti 

17.17) 

1*16.9 

-*9. ** 

9  19 

7*0.8 

13.1  l.7/t 

7*9.6 

79  1.* 

768.6 

7  71.6 

>  .  1  *7 

1.9*3 

■  o.OOO 

76.697 

11.796 

1787.9 

-9). 91 

97* 

791.  1 

76.9  7.19* 

299.6 

7  79.8 

771.8 

1.906 

6.000 

17.169 

8.C7  1 

U87.6 

-98. *7 

919 

761.7 

71.7  7.996 

783.  ) 

789.* 

l.tlB 

6.000 

•.1* .  7i"  J 

6.1*1 

1  1  1*.  9 

-97.11 

908 

767.8 

71.8  1.9*7 

78).  9 

781.9 

1.6*7 

7.000 

11. 1  1' 

♦  .Ml 

ii.‘6.6 

-99.  1  1 

937 

777.9 

73.1  *.l)7 

289.  7 

797.8 

1.660 

fl.OOO 

7*.  7 

*.';i6 

10''-.  1 

-9 7.>* 

*V  7 

776.  1 

19.1  *.?97 

287.  ) 

799.* 

1.679 

A  1.000 

-8.78* 

1.  17  1 

16  7.8 

-6*. S’ 

*9) 

77V. 9 

18. 1  9.196 

28e.9 

79  7.6 

1.687 

■  10.000 

Itl.O-.S 

7.9W 

9  17.'' 

-71.11 

•  90 

7*7.7 

l>.)  9. VI* 

7"9.  ) 

799.9 

1.698 

■  11.000 

1 1 7,**7 

7.99« 

9  1.  ) 

•  77.17 

*07 

7**. 9 

I6.*  6. *89 

293.0 

Ml.  1 

1.70? 

■  u.ooo 

1  n.i7* 

7.79* 

»M.9 

•  7*.  16 

*** 

7*6.9 

19.1  7.076 

79y.* 

137.9 

1.719 

W  11.000 

1*1.12* 

7.CJI 

8*».8 

-  79.  19 

*81 

788.1 

19.*  7.699 

29->.b 

101.7 

1.  777 

I*. 000 

167.?  20 

I  79* 

876.9 

-  76. *7 

"79 

789.  1 

l*.9  8. lie 

790.  7 

)0*.9 

1.778 

1  i.OOO 

le*.i9i 

1.671 

8'36.  1 

-  77.  IV 

*77 

791.* 

l*.9  8.9U 

109.9 

1.7  1* 

16.000 

7C7.8:* 

t.*7l 

78  7.9 

-  78. 7P 

*79 

797.  7 

l*.l  9.917 

106.8 

1.7)1 

_  l7.0(JO 

770. 8er 

1  198 

7  70.* 

-  79.')» 

*7* 

79). 9 

11,1  10.09* 

107.6 

1.  7** 

lA.SCO 

719.096 

l.79» 

79*. 6 

79.8* 

*77 

799.0 

11.*  1C. 660 

108.* 

1.7*9 

■  11.000 

797,761 

1  I69 

71V. 1 

-83.91 

*71 

796.0 

11.1  11. 7K 

101.1 

1.79) 

■  ^O.OvO 

7  79.1*9 

I.C17 

776. 1 

-11.11 

*91 

797.0 

17.8  11.76* 

109.8 

1.766 

■  ^I.OoO 

716.960 

l.CW 

71  ).  1 

-81.78 

*68 

79  7.9 

12.9  17.187 

MO.* 

l.7bO 

.•;.OuO 

117.617 

.9*9 

701.7 

-8?.  1* 

*6  7 

798.1 

17.  1  1.000 

Ml.O 

1.76) 

^1.000 

1 11.090 

,8«-> 

681.8 

-"7. *7 

*66 

79V. 9 

17.3  1.616 

Ml. 9 

1 ,  766 

^*.000 

163.876 

.8)1 

679.1 

-  l7 

*69 

IOC.  7 

11.8  1*.7>I 

M2.0 

1.761 

^s.ooo 

lH7.8'.i 

.  7H8 

668.  V 

-  8  ».8* 

*6* 

100.  V 

It. 6  l*."*l 

117.9 

1.77? 

M  ^6.000 

*C9.7a 

.  7*0 

69V.  ) 

- 8*.7V 

*6  ) 

101.9 

11.*  19.**7 

M  1.0 

1.77* 

■  ^7.0CO 

*77.711 

701 

690.7 

-8*. 71 

*67 

107.1 

n.)  16.0*/ 

Ml.* 

1.777 

■  ^e.OCO 

*90. 1-7 

.666 

6*1.9 

-89.11 

*67 

107.7 

11.1  16.6)9 

M  1.8 

1.779 

B  <ri.Ouo 

*71.lflO 

.6)8 

6)1.7 

-89.90 

*61 

10).  1 

10. V  17,779 

M*.7 

1.781 

W  JC'.OOO 

*16. '3  7  1 

.609 

679.  1 

-89.86 

*61 

101.8 

IC.8  17. HO? 

11*. 9 

1.78) 

Jl.ooo 

Sl'l.O  19 

.978 

617.  7 

-86.7> 

*60 

)0*.  ) 

13.6  18. IM 

M*.9 

1  .  789 

17.000 

9*7 .0*  7 

.99  1 

610.9 

-  86.9* 

*60 

10*. 8 

13.9  18.911 

M9.? 

1  .  7«  7 

Jl.OOO 

969.011 

.9)1 

603.6 

-86.86 

*99 

)09.7 

10.)  19. *8) 

119.6 

1,789 

.  16.000 

968.1 6 1 

.919 

9  16.9 

-87.17 

*99 

109.6 

10.7  70.076 

)19.9 

1 .711 

■  IS. 000 

611.997 

.  *90 

990.9 

-17.*6 

*99 

)06. 1 

10.1  70. 98* 

1)6.2 

1.  797 

■  16.000 

617.810 

.*70 

9H*.  ) 

-H7.r* 

*98 

106.9 

10.0  71.700 

M6.* 

1 .  79* 

■  17.0U0 

66). 919 

.*97 

978.) 

-R8.02 

*97 

106.9 

9.9  71,817 

>16.  7 

1.796 

W  18.000 

6S0.*e  7 

.*1* 

977.9 

-86.78 

*96 

)07.7 

9.7  77.*)* 

11  7.0 

1.797 

19.000 

717.766 

.*18 

967.0 

-86.9) 

*96 

107.6 

9.6  71.090 

)l  7.2 

1  .  799 

*0.000 

7**. Ml 

.*0) 

961.6 

-66.  78 

*99 

107.9 

9.9  71.666 

117. 9 

1,800 

*i.ouo 

7  71 .6C7 

.  )8'» 

996.* 

-69.01 

*99 

108.) 

9.*  2*. 781 

M7.7 

l.HOl 

*^.000 

7*9. 1 19 

.179 

991.* 

-89.7* 

*99 

)U9.6 

9.  1  7*. 89* 

117.9 

l.KO) 

B  *1.000 

876.8*7 

.16) 

9*6.6 

- “9, *6 

*9* 

)0H.9 

9.)  75.909 

M  .  1 

1.80* 

H  **.000 

69*. 79? 

.  191 

9*1.9 

-  19,67 

*9* 

109,7 

9.7  76.11* 

>18.* 

1.805 

H  *S.no'i 

882.8  10 

.  )*0 

9)7.* 

-89.88 

*9* 

109.9 

9.  1  76,  720 

M8.6 

1.806 

H  *6.000 

911.097 

.  )79 

9)3.0 

-90.08 

*9* 

109.8 

9,0  77, )7* 

118.8 

1.807 

^  *7.000 

V19.*17 

.  )19 

978.  7 

-90.78 

*9* 

)|0.0 

8.9  77.9?) 

119.0 

1.808 

*8.000 

967.81? 

.  )10 

97*. 6 

-90.  *6 

*99 

no.  1 

8.8  78.970 

M9.  1 

1.809 

*9.000 

9S6.*66 

.  )0l 

970.6 

-90.69 

*99 

>10.6 

8.8  79.117 

M9.1 

l.slO 

60.000 

1079.17* 

.  ’9) 

916,7 

-90.8) 

*99 

)io.a 

8.  7  29.  700 

)19.5 

1.811 

^  1.196 

70. *1* 

1*. 696 

1)6). 0 

-*9.)0 

9)1 

7*9.9 

79.0  1.971 

7*5.9 

75*.  7 

271.5 

7  r*.i 

1 .  )9* 

1.559 
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PtieSSuRE,  PSIA 
TtMP,  deg  K 
Enthalpy  (-) 

CP 

IMPUL  OPT 
IMPUL  VAC 
EPSILON 


PRESSURE,  PSIA 
TEMP,  deg  K 
EiTMALPY  (-) 

X  6AR 
N 

CP 

IMPUL  OPT 
IMPUL  yAC 
Epsilon 


S2.10  H 
79.20  H*N 
-10.00  H»N»0 
9.33  H«0 
.00  H2 
<»0.30  M2»N 
-^7.80  H2»0 
-ll.O<t  H3*N 
U  i.OO  N 
21.65  N«0 
8.06  N»0? 
.00  N2 
19. SO  N2»0 
69.56  0 
.00  02 


o 


PRESSURE  PROFILE  DATA 

SYSTE»^  LKUID  RIPftOPELLANT  PC  300.  PSIA 


COMPONENT 

TREE  FORMULA 

DENSITY 

heai  form 

nT 

.  0/0 

OEG  K 

GM/CC 

(  KCAL/FORM.nT  .  ) 

298  N2*fl4 

1.43 

-5.4 

48 

. 

298  N2«H4 

1.004 

♦12.05 

52 

• 

PULK 

,  DENSITY  «  1,172  GM/CC 

MIXTURE  RATIO  * 

923  lb  OXlOIZFfi 

/  LB  Of 

Fuel 

PRESSURE 

profile 

DATA 

CHAMBER  ENTROPY 

315. 75 

tU/lOOOMS 

CMAPeER 

THROAT 

FR02EN 

EXPANSION 

300.0 

134.7 

60.49 

27.16  14.70 

12.20 

5.47  7 

2.460 

l.  IOh 

.496 

.223 

.100 

167.0 

2915.2 

2498.9 

2133.8 

1813,6  1595.1 

1533.0 

1287.2 

1072.7 

887.0 

727.8 

593.3 

480.9 

2605. 1 

-16. 73 

6.68 

26.72 

43.79  55.11 

58.27 

70.46 

80.67 

89.  14 

96.  12 

101.82 

IC6.47 

.  75 

.  568} 

.5562 

.5416 

.5245  ,5105 

.5060 

.4854 

.4657 

.4467 

.4305 

.4177 

.4088 

.5595 

142. 72 

194.43 

229.47  250.01 

255.44 

2  75.4  3 

291.09 

303.49 

313.33 

321.  16 

327.39 

123. 35 

225.16 

246. n 

266.69  2H0.05 

283.70 

297.4  3 

308.45 

317.25 

324.27 

329.86 

334.30 

222.79 

1.028 

1.434 

2.300  3.432 

3.890 

6.  745 

11.845 

20.920 

37.029 

65.577 

116.122 

1.000 

SMIMING  expansion 

300.0 

134.  7 

60.49 

27.16  14.70 

12.20 

5.47-: 

2,460 

1.  104 

.496 

.223 

.100 

168.  3 

2915.2 

2574.4 

2234.6 

1913.8  1669.0 

1624.9 

1369.  8 

1146.3 

951,9 

784.3 

641.6 

521.9 

2669.5 

-16.73 

6.97 

27.62 

45.40  57.24 

60.55 

7).  36 

84,  13 

93,11 

100.53 

106.63 

111. 60 

.70 

5.^46 

5.410 

5.  i95 

5.390  5.390 

5.  389 

5.  389 

5.  389 

5,389 

5.389 

5.389 

5.389 

5.418 

5.<iA6 

5.410 

5.  395 

5.  390  5.  390 

5.389 

5.389 

5.  389 

5,  389 

5.  389 

5.  389 

5.  389 

5.418 

.03<il 

.6  760 

.5828 

.5378  .5180 

.5128 

.4918 

.4714 

.4516 

.4346 

.4207 

.4111 

.7133 

143.59 

196.44 

232.50  253.69 

259.29 

279,97 

296.22 

309. 1 3 

319,40 

327.60 

334.14 

123.17 

227.45 

249.49 

270.86  284. 71 

288.49 

302. 76 

314.25 

323.47 

330.84 

336.73 

341 .42 

224.69 

1.032 

1.454 

2.340  3.498 

3.967 

6.898 

12.149 

21.529 

38.234 

67.912 

120.594 

l.OOO 

COMPOSITION  SHIFTING  (MOL/lOO  < 

GM) 

.0667 

,0284 

.0C84 

.0016  .0003 

.0002 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

•  0372 

•  0000 

.0000 

.OCOO 

.0000  .0000 

.0000 

.0000 

.0000 

,0000 

.0000 

.0000 

,0000 

.0000 

.0015 

,0005 

.OCOl 

.0000  .0000 

.0000 

.0000 

.0000 

,0000 

.0000 

.OOCO 

.0000 

.0007 

•  0381 

.0119 

.0C23 

.0003  .0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0172 

1.1531 

1.1521 

1.1557 

1, 1579  1.1584 

1.1584 

1.1585 

1.1585 

1.  1585 

1 .1585 

1.1584 

1.1579 

1.1515 

.0000 

.0000 

.OCOO 

.0000  .0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

2.0388 

2.0726 

2.0840 

2.0863  2.0866 

2.0866 

2.0866 

2.0866 

2.0866 

2.0866 

2.0H66 

2.0866 

2.0660 

.0000 

.0000 

.OCOO 

.0000  .0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0001 

.0004 

•  0000 

•  0000 

.0000 

.OCOO 

.0000  .0000 

.0000 

.0000 

.  0000 

.  0000 

.0000 

.0000 

.0000 

.0000 

.00A9 

.0011 

.OCOl 

.0000  .0000 

.0000 

.0000 

.0000 

.0000 

.0000 

•  0000 

.0000 

.0016 

•  OOCO 

.0000 

.OCOO 

,0000  .0000 

•  0000 

.0000 

,0000 

.0000 

•  0000 

.0000 

.0000 

.0000 

2.  1410 

2.1434 

2.1441 

2.1442  2.1442 

2.1442 

2.1442 

2,1442 

2.1442 

2.1442 

2.1442 

2.1440 

2.  1429 

•  OOCO 

.0000 

.OCOO 

.0000  .0000 

,0000 

.OOOU 

.0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

•  0013 

.0002 

.OCOO 

.0000  .0000 

.0000 

.0000 

.0000 

•  0000 

.0000 

•  0000 

.0000 

.0003 

.0010 

.0001 

.OCOO 

.0000  .0000 

,0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0003 
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l.OOO 
?.000 
3.000 
<•.000 
5.000 
6.000 
7.000 
8.000 
s.ooo 
10.000 
ll.OGO 
17.000 
1  i.OOO 
1<|.00] 
15.000 
16.000 

I  7.000 
la. 000 

14.000 
70.000 
71.000 
h.O'j: 
7  3.005 
7<..ooa 
75.00J 
76.0OO 
77,000 
79.000 
74,0g0 
JO. 000 

II  .005 
17.000 
J 3.000 
Ifc.OCO 
15.00 
»6.CoO 
17.000 
ja.ooG 
J4.005 
•.0.000 
•.1,000 
•.7  .000 
<.  1.0,0 
•.••.Oo) 


sv57e>'  lUioiD  aiPROPELiaNt 
COHPOKEHT  l<3(r  FORMLiLi 
DEG  K 

74a  N7*06 

74«  N7*H6 


OC/fi  P  PSt*  TEMP  EM»-*LPT 


1 .000 
1.70  7 
9.191 
16.763 
75.6<.3 
35.751 
<■6.519 
97.8al 

.'O.OjO 
81.716 
97.178 
I  10.6,8 
I  7<.  .  171 
139. 1  ;■! 
165.6/1 
1  71.953 
188.511 
705.759 
777.177 
7  39.060 
756.071 
7  7i.l.,<. 
7'.7  .7  *l 
I  I  I  .6'.7 
1  11  .6s9 
151.687 
1  71  .  11<. 
397.50* 
<.  I  1.7t9 
<.!<.. Ie5 
655.777 
6  76.  U8 
6  ••  7  .  s  86 
518.867 
S6'0.l»0 
5^1. 677 
S«7  .  #67 
6-6. 7. 5 
1 7  * .  ’  1  7 
657.086 


JC6.865 

:o.6i>. 


utu 
7915.7 

7605. 1 
1833.9 
1666. a 

1519.5 
1615.  I 
I  5  36. I 
1777.0 

1718.6 

1171. 1 

11 31.7 
1094.0 

1068.1 
1060.3 
1015.1 

997.0 

9/0.9 

951.6 

913.7 

916.6 

950.6 

»71.9 

B6f>.  1 

816.5 
87  3.3 

817.6 

807.5 
7»7.8 

781.5 
77<..b 

766.1 
757.9 

750.5 

767.6 

715.1 
7.‘8.5 
7>1.7 


.  <61  6  7«.  0 


.1.7  666.7 

l^.e*6  l6»‘-.l 


300. coo 
166.963 
31.967 
17.907 
11.699 
8.  191 

5.183 

6.757 

1. 586 

3.089 
7.  717 
7.61  1 
7.  167 
1.97  7 
1.  765 
1.581 
1.667 
1  .  351 
1.755 
1.177 
1 .098 
l.*77 
.-.67 
.905 
.851 
.807 
.  766 

.691 


KCAL/IOOGM  GM  DEG 


GM/CC 
1.63 
•  006 
F80IEN  EXPANStOT* 

C  5TAA  «  5768,9  Ef/SEC 
CP  CAL/  I  OPf  OtLVAC  CEL9AC  1  5EA  I  AI 


<KCAL/E0AM.m7. 

'5.6 

♦17.05 


16.73 

75 

-39.58 
-51.56 
-55.95 
66,  15 
-68.08 
-71. .5 

-  73. 77 

-  75.96 

-  77.81 

-  79.66 
-80.88 
-87.17 
-83.  13 
-86.  39 
-85. 35 
-"6.76 

-  8  7 . 06 

-  87.87 
-88.53 

-  ■*9.19 

-  89. h) 

-  >0.  19 
-90. 95 

-  .1.67 

-  91.  *6 
-9.'‘.6l 

-  97.8  7 
-91.  10 
-91.  70 
- <6. 09 
♦■•6.66 
- .6.87 

-  »5.  l6 

-  ',5.69 
-.5.81 

-  96.  1 1 

-  96.60 

-  96.6* 


-  «8.85 
•  99.06 

-  .9.76 

-SS.ll 


.568 
.559 
.579 
.515 
.505 
.697 
.690 
.686 
.679 
.67':i 
.671 
.668 
.-65 
.667 
.660 
.658 
.655 
.653 
.657 
.  650 


.  66  1 
.  66  1 
.  660 
.639 
.  6  18 
.617 
.  6  16 


6  15 


.611 
.6  17 
.6  11 


.679 

.679 

.678 


.7  3.3 
771.9 

763.7 

756.6 

765.3 

771.6 

776.6 

780.6 
786.0 

786.8 

789.3 

791.6 

791.3 

795.1 

796.6 
798.0 
799.  3 

300.5 

301.6 

307.6 

106.6 

106.5 

105. 1 

106.1 

105.8 

107.5 
108.7 

308.6 

309.6 

310.0 

310.5 
31  I  .0 
31  1.5 
>17.0 

117.5 
H .  9 
31  3.  1 
U  3.7 
316.1 


316 

>16.  ♦ 

*15.7 

>15.6 

>15.9 

>16.7 


/P 

.596 
1.73? 
1.  795 
7. 38) 
7.993 
3.597 


I  78 
6.807 
5.676 
6.071 
6.596 
7.157 
/.//8 
8.606 
9.076 


99.6 

19.5 

37.1 

77.9 
75.  I 

73.7 
71.  7 

70.6 

19.6 

18.6 

17.9 
17.  3 
16.  7 
16.7 
|5.  7 

15.  3  9. 63. 

15.0  10.737 

16.6  10.875 

16.3  11.194 

16.  V  II.95H 

11.7  17.510 

13.5  II. .16 
11-7  11.76» 
1  1.0  l6.  186 

17.6  15.007 

17.6  15.677 

17.5  16.767 

17.7  16.851 

17.1  17.658 

11.9  18. ■'57 

11.7  !*.66> 
U.6  I9.7l> 

11.5  I  ».80/ 

11.3  70.378 
11.7  7t.>>9 
U.l  71.697 

10.9  </,Jl" 


>0.8 


77. < 


Lift 

716.0  716.7  771.8 

763.7  768.  7  759.3 

769.5  757.6  777.8 

760.0  780.6 

785.  3 
788.  7 
741.  V 
797,9 

796.7 
7/5.1 
V95.9 
796.5 

796.8 

796.9 
747.0 


.676 

.676 

.•73 


31  7.5 
>17.7 
75:.: 


7  >.?«6 
>5.6  7>.4'38 
10.5  7*.5>« 
i:.6  75.157 
U.  3  75.7*3 
>0.7  76. •0.’ 
lO.l  77.v77 
l',  3  7  7.661 
9. t  78.757 
9.9  78. >•71 


777.8 
761.6 

775.9 

286.5 

790.6 
796.8 

798.7 
>01 . 1 
>03.6 

305.6 
30  7.1 

308.7 
HC.O 

311.3 

317.6 

313.6 

316,  i 
>15.1 

315.4 

316.6 

317.  > 
11  7.9 
)l>«.5 
11  /.  1 


.  I  98 
1  .  161 
1  .  396 


>?6.5 
376.* 
>77. C 
>77.7 


1.76/ 
1 .66  3 
1.566 
1.597 
1.675 
1.650 
1.669 
1.6/15 
I  .698 
I  .  709 
1.719 
1.777 
1.  715 
I.  767 
1 .  768 
1  .  756 
1.  759 
1.766 
1.768 
I  .772 
1.776 
I  .  /  79 
1  .  8  i 
1.786 
1.789 
1.797 
1  .  796 
1.797 
1.799 


1  . 


01 


1.8C6 
1.806 
1.808 
1.809 
I  .  *  1  1 

1.815 

1.816 
1.818 
1.819 
1.871 
1.877 
1.876 

1.875 

1.876 
1  .878 
1.879 


I  . 


>0 


1.831 
1.817 
1.56  f 


/••SIlJS 


I  .OCj 
7,0i.. 
3.oc: 
6 .000 
S.OCd 
6  .OcO 
7.000 
8.00, 
o.ooo 
lo.oo: 
1 1  .oco 

17.000 
1 l.COO 
16.0<.'J 
15.000 

16. QC0 

17.  Quo 
18.000 
19.000 
70.060 
71.000 
77.000 
73.:00 
76.000 
75.0,0 
76.000 
7  7.000 
78.000 
79.000 
13.000 
ll.OUJ 
17.003 
j  3.0O0 
16.000 
15.000 
16.000 
17.000 
18.003 
19.000 
60,000 
6  1.000 
67.0U0 
63.000 
66.0UO 
65.000 
66.000 
67.000 
68.000 
69.000 
50.000 

3.698 


I  .;.3 
i.7eV 
4.1  )• 
16.795 
76,*,/ 
3*  .668 
65.17/ 
55./;* 


91.86/ 
1.6. 4/0 
17j.,ji 
1  36.M.1 
164.B/7 
lt5.5>  7 
1  cl  .668 
16/. 551 

713.869 

7 13.1 63 

766.5/7 
767.  )el 
783.257 

758.870 
11/./70 
3  36.4  1  7 
156.1/5 
3/6. 011 
195 .466 
6  15.  /'i6 
6  36.  I  74 
656.6  /5 
6 /6 .959 
6 ,/. 310 
517.611 

6 18 . )5? 

559.915 
5  /9.5CI 
6C3.U1 
677.65! 
665.567 
668.414 
6*7. 5C9 
/16.)19 
760 . 1 16 
766.565 
768. 435 
811.690 
8  38.7CO 
863.051 
888.037 
70.616 


P  PS| *  I/"P 

LtG  •  ' 
.’415.7 
168.756  7664.5 
37.-65  7,'37.7 
lB.6lj  17*1.3 
17. iM  1670.8 

8.65)  1511.1 

6.669  1610.  > 

5.  35/  I  36  3.6 
6.60C  I  1- 7.9 
I./:®  1760,5 
3.195  1714.3 
7. *06  1181.1 
7.699  1150.8 
7.77/  1171.7 
7.W37  K/S.l 
l.BlI  10/1.7 
1.651  IC69.0 
1.518  i:7».6 
1.601  lti04.5 
1.303  941." 

1.71  /  475.3 

l.Ul  954.7 
l.:/C-  465.1 

I.C06  911.7 

.166  4|H.| 

.643  905.7 

.867  8  /1.4 

.798  887.6 

.»58  8/1.9 

.771  861.7 

.688  851.4 

.65)  867.5 

.67/  "31.6 

.603  876.8 

.5/4  816.6 

.557  838.6 

.5!/  800.6 

.518  793.7 

.50J  786.0 

.687  779.0 

.665  777.7 

.668  765.7 

.631  759.3 

.619  751.7 

.605  767.7 

.197  761.6 

.  380  735.8 

.369  730.3 

.  358  776.4 

.368  714.7 

.138  716.7 

16.696  1689.0 


vAi  /I 

16.  7> 
•  .  /  . 
•  6 ; .  *< 
-57.48 
•t..76 
-»6.7» 

-  70. 37 

-  7>,67 

-  76.  3/ 


-87.39 

-  8  1.  47 
-85.78 
--6.57 
•  8  7.66 
'88.67 
--9. 61 

-  ,0.69 
61.79 

-,7.05 
-S7. 75 
-53.61 
-•,6.C6 

-  .  67 

-  ,5.18 

-  ,5.  71 
-96.71 

-  66.68 
-67.16 
-97.57 
-67.94 
-  58. 38 
-68,76 
-99.13 
-99. 69 
-49.87 

-ICO. 16 
'ICO. 66 
-100.76 
-ICI.06 
-1C1,36 
-ICI.61 
-101.88 
-IC7.16 
-IC7. 39 
-IC7.63 
-IC2.86 
-ICI.04 
-  ICl.  31 
-1C3.53 
-57.76 


5-1  »  T|s'.  t  tPA'.Sl  >6 
C  5>*a  ,  58.’«,.  3  7  t '5EC 
'  i>  C*i'  !  5P7  3(1. AC  t'd.AC  I  S(* 
:E',  /P  i.c 

.  8  16 


.713  173.7 

.566  77  3.5 

.575  766.3 

.•/17  754.6 

.506  768.7 

.697  775.3 

.691  780.6 

.686  796.6 

.607  788.1 

.678  791.1 

.675  743.7 

.677  7  /5.4 

.669  797.9 

.666  744.7 

.666  301.3 

.667  307.8 

.660  306.7 

.65"  305.6 

.656  306.6 

.656  307.6 

.657  308.6 

.651  >09.6 

.650  310.6 

.668  311.3 

.667  317.0 

.666  317.8 

.665  311.5 

.66)  316.1 

.667  316.8 

.661  315.6 

.660  315.9 

.660  316.5 

.639  31 7.0 

.638  31 7.5 

.637  31H.0 

.636  318.6 

.635  318.9 

.635  319,3 

.636  319.7 

.633  370.1 

.633  320.5 

.632  320.4 

.6)1  321.2 

.6)1  323.6 

.630  321.4 

.630  327,2 

.624  322.6 

.624  322.9 

.620  323.2 

.628  323.5 

.518  253.7 


i:i.5  .60> 

61.7  l.75> 

1).  5  1 .0lO 

79.1  7.«l6 

76.7  3.031 

76.7  3.660 

77.7  6.777 

71.6  *."65 

70.6  5.645 

19.5  6.1C5 

18.0  6.647 

10. 1  7.75'' 

17.5  7.0/0 

1  7.0  0.50'. 

16.6  9.136 

16.1  ).760 

15.8  1C. 176 

15.6  IC.976 

15.1  11.566 
l6.H  17.1)9 

16.5  17.699 

16.7  11.78" 
16.0  1  3.971 
I  3.  7  16.556 

13.5  15.186 
13.3  15,816 

13.1  16.661 

17.9  I/.  066 

17.8  17.686 

17.6  *8.746 

17.6  18.907 

17. 1  19.501 

17.1  70.093 
17.0  70.67" 

11.8  71.755 
li.r  21.626 

11.6  27.186 

11.5  27.460 
1  1.6  21.551 

11.2  26.185 
11.1  26. "1/ 
ll.O  25,664 
IC.9  26.082 

10.8  26.  711 

10. 7  27.161 

10.6  2). 977 

10.5  28.600 

10.5  29,775 

10.6  29.864 

10.1  30.669 
31.0  2. Ill 


7  IS.« 
766.  ) 
75  1.; 


253,7 


I  A) 

loooc 

71". 5 
751.0 
761  .  I 
76). 4 


263.0 


1  At 
5COOO 

773.  7 
767.5 
7/6.7 
7"6.6 
704.  / 

7>).3 

7>5.9 
7  /7.  7 
7//.  I 
106.7 
301.0 
3Cl  .  7 
)^7.0 
>37. 7 
107.  3 


Cf  SEA  CE 
L  /L 


/AC 


??6.  7 
766.7 
77».* 
798.  7 

296.4 
79  4.5 
101. 1 
106. C 
>j".5 
>10.6 

317.6 
>16.: 
)15.5 
316.  7 

317.4 
319.: 
>14.9 
373." 
>71.6 
)77.6 
>71.1 
>73.8 

376.6 
)75.0 
375. b 
17-.  I 

376.6 
37  7.1 
32  7.5 
37  7.9 
178.  I 

128.7 
37!. 1 

173.5 

379.8 
3  30.1 
3  30.5 
330.0 

331.1 

331.6 

131.6 

131.9 

337.2 
3)7.6 

337.7 

337.9 
3  3  3.  I 
331.  ) 
3  3  3.5 
)33.H 

206.7 


1.192 

1.667 

1.566 

1.545 

1.679 

l.bSS 

1.6  76 
1.641 
I  .706 
1.716 
I  .  776 
1.735 
1  .  76  3 
I  .  750 
1.756 
1 .767 
1.767 

1.7  77 

1.7  77 
1.  781 
1.785 
1.789 
1.797 
1.745 
1.740 
1.801 
I  .806 
1.807 
I  .904 

1.817 
1.816 
1.816 

1.818 
1.820 
1.827 
1.876 
1.976 
1.827 
1.829 
1.831 
1.93? 

1 .8  36 
I  .8  35 
I  .8  3b 

1.638 

1.639 
1.860 
1.861 
1.863 
1 .866 
1,573 


P«ESSUKE  PKOflLE  DATA 

SVSrEH  lICUID  BlPPaPElLANT  PC  )00.  PSIA 


C'JMPONENT 

TRFF  FORMULA 

OFNSl  JY 

HEAT  FORM 

WT 

DEG  K 

GM/CC 

IKCAL/FORM.xT. 

) 

?9R  r.2»(34 

1.43 

-5.4 

52 

248  N2*m4 

1 . 004 

♦12.05 

48. 

BULK  CtNSIlY  =  I.lbH  GM/CC 

Plicrufte  «AUC  =  l.OH)  LH  OKIDUER  /  LH  CF  FUEL 


PRESSURE  PkOFILE  DATA 
ChAHrtEP  ENIROPV  i07.2t  FU/IOOGMS 

CHAMBER 


FRO/FN  EXPAriSION 


Pressure,  psia 

300.0 

1  14.  7 

60.49 

27.14 

14.70 

12.20 

5.4  7  7 

2.460 

1.104 

.496 

.223 

.  100 

T£MP, 

OEG  K 

3057.2 

262  ).6 

22  5  4.  1 

1924.1 

1 698.  1 

16)4.  1 

1 379, 3 

1155.8 

961 . 1 

792.9 

649. 3 

528.4 

Enthalpy  ( - ) 

-15, CO 

8.  H 

28 . 32 

46.44 

56.84 

60.02 

72.36 

82.75 

91.42 

98.60 

104,51 

109,33 

CP 

.55C2 

.5  W2 

.5261 

.  510H 

.4979 

.493  7 

.4746 

.4548 

.4  153 

.4184 

.404  3 

,  3934 

IMPLL 

OPT 

l<.2.  18 

194.12 

229.  10 

249.98 

255.46 

275.68 

291.41 

304.27 

314.37 

322.43 

328.87 

IMPUL 

VAC 

224. 76 

245.91 

266.7) 

2R0.29 

281.99 

297.99 

309.29 

318. 36 

325.62 

331.42 

336,04 

EPSILON 

1.02H 

1.440 

2,317 

3.467 

1.933 

6.85  1 

12.086 

21.451 

38.144 

67.820 

120.502 

Shifting  expansion 


PRESSURE, 

PSIA 

300.0 

1  14.  7 

60.49 

27.16  14.70 

12.20 

5.477 

2.460 

1,104 

.496 

,223 

.  100 

TlHP, 

DEC. 

K 

1057,2 

2  752.9 

24  15.<, 

21U.7  1880.6 

1812.  9 

1541, 7 

1301.9 

1091.2 

907,5 

748.8 

61  3.5 

EuThALPY  1 

-  ) 

-  15. CO 

8.71 

29.71 

48.07  60.40 

63. H6 

77.  14 

88.  76 

98.  37 

106.40 

113.05 

UP. 51 

X  HAR 

5.  159 

5. 105 

5.C74 

5.062  5.059 

5.059 

5.050 

5.058 

5,058 

5,058 

5.058 

5.058 

N 

5.  159 

5.  105 

5.C74 

5.062  5.059 

5.059 

5.058 

5.058 

5,058 

5.058 

5.058 

5.058 

CP 

1,0181 

.  7901 

.  6  3  30 

.5470  .5152 

.508  7 

•  4862 

.4660 

.4464 

.4270 

.4107 

.  39  7  7 

IMPUL 

OPT 

141.65 

197.26 

234.21  256.11 

261.92 

283.42 

300.44 

314.05 

324,97 

333.  76 

340.81 

IMPI'I 

VAC 

228.22 

251.42 

27  3.  74  288.23 

292.  1  9 

107.2  1 

319,39 

329.24 

3  37.  1  9 

343.  57 

348.68 

Epsilon 

1.3)6 

1.477 

2.400  3.606 

4.096 

7.16  7 

12.714 

22, 704 

40.633 

72,699 

129.897 

CiT^POSIflON  SHIFTING  IMOl/lOO  OR » 


52.10 

H 

.082  3 

.0443 

.01  78 

.0048 

.001  3 

.0008 

.0001 

.0000 

.0000 

.0000 

.0000 

.0000 

79.20 

H*N 

.OOCO 

.0000 

.OCOO 

.0000 

.0000 

.0000 

.000  0 

,0000 

.0000 

.0000 

.0000 

•  0000 

'10.00 

H«N»C 

.C029 

.0012 

.OC04 

.0001 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

9.33 

h*  J 

•  08  10 

.0170 

.0  109 

.0019 

.0003 

.0002 

.0000 

.0000 

.0000 

•  0000 

.0000 

•  0000 

.00 

H2 

.  7682 

.7417 

.  7  335 

.  7  338 

.  7346 

.734  7 

.7350 

.  7  350 

.  7350 

.7350 

.  7350 

.  7350 

40.30 

H2*N 

•  OOCO 

.0000 

.OCOO 

.0000 

.0000 

.0000 

.000  0 

.0000 

.0000 

.0000 

.0000 

•  0000 

'j7.0O 

H2»0 

2.  1432 

2.2125 

2.2475 

2.2584 

2.2601 

2.2603 

2.2605 

2.2605 

2.2605 

2.2605 

2.2605 

2.2605 

-11.04 

H)*N 

•  0000 

.0000 

.OCOO 

.OCOO 

.0000 

.0000 

.0000 

.0000 

,0000 

•  0000 

.0000 

.0000 

U  3.00 

N 

.0000 

.0000 

.OCOO 

.  0000 

.0000 

.0000 

.0000 

.0000 

.0000 

•  0000 

.0000 

.0000 

1.65 

NiC 

.0142 

.0051 

.OCU 

•  OOOl 

.0000 

.0000 

.0000 

.0000 

.0000 

•  0000 

.0000 

.0000 

8.06 

N«C2 

•  OOCO 

.0000 

.OCOO 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.00 

N2 

2.0543 

2.0597 

2.0621 

2. 0628 

2.0629 

2.0629 

2.0629 

2.0629 

2.0629 

2.0629 

2.0629 

2.0629 

19.50 

N2*  J 

•  OOCO 

.0000 

.OCOO 

.0000 

.0000 

.0000 

♦  0000 

.0000 

.0000 

.0000 

.0000 

,0000 

59.56 

C 

.0053 

.0014 

.0CO2 

.0000 

.0000 

.0000 

.0000 

,0000 

•  0000 

•  0000 

.0000 

.0000 

.00 

C2 

.0059 

.0017 

.0CO2 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

•  0000 

.0000 

.0000 

-154- 


ThRCAT 


166.9 
2738.6 
2.41 
.  5423 
123.06 
222.32 

uooo 


170. 1 
2b42.5 
2.12 
5.118 
5.118 
.8588 
122.03 
22-3.09 
1.000 


.0543 

.0000 

.0016 

.0465 

.7473 

.0000 

2.1960 

.0000 

.0000 

.0072 

.0000 

2.0585 

.0000 

.0021 

.0026 


CHS  UJN 


1 .000 
^.UUJ 
>.000 
4.000 
b.OOO 
6.000 
7.000 
H.OOO 
4.000 
10.000 
11.000 
12.000 
1 3.000 
1 4.000 
1 0.000 
16.000 
1 7.000 
IS. 003 
14.0v)0 
2C.OOO 
I  .000 
22.000 
2  3.000 
24.0UO 
20. Quo 
26.000 
2  7.000 
26.000 
24.000 
30.000 
31.000 
12.000 
13.0>;0 
34.000 
IS.  00  0 
16.0UO 
17.000 
3H.0O0 
14.000 
40.000 
4  I  .000 

42  .OoO 

4  3.0^0 
44.0CO 
4S.0O0 
46.000 
4  7,000 
40.000 
44,000 
SO. OOO 
3.467 


t'C/)' 

I  .oco 

1.7S7 
4.11.6 
16.SJI 
2S.21i 
30,074 
4S.S4b 
Sb.446 
66 .0  12 
el .611 

44.646 
IC7.761 
120.647 
liS.S78 
I  SO . 1C8 

1  66.604 
162.874 
148.731 
218.031 

2  31  .423 
24  7.62  7 

2  6  4 . 2  1 4 
2el  .  7l4 
3C0.12i 
31  1.2(3 
326.3.1 

3  3  7  .  ^<i3 

3  7  7.7  14 
1S7.626 
417.6,4 

4  1  7,  K7 
488.2^1 
4  76.624 
443.0,1 
S 1 ».6i4 
S40.U5 
S»0. 7  16 
8el  .  >18 
60  1  .33-' 
624. S13 
647.638 

6  71.01b 
644,643 

7  16  .4;l 
'42.317 
7  6 . 744 
7'.l  .130 
6  IS.7<'. 
6*0.444 
66S  .  30  7 
630.2,3 

20 .4  t4 


SV87EK  IICUID  ei^liaPCLLANI  PC  300.  P8I* 

C3HP0SEM  IREf  rOHHUl*  DENSlfY  HEAI  EOKH  at.  0/0 

PECK  CH/CC  (KC*L/EO«N.Hr.  1 

2')l  N2»e4  1.61  '8.4  82. 

248  ^2•H4  1.004  *12.08  46, 

FAOIETt  EKPAMSIOX 
C  SIkK  «  8740.7  Ft/SEC 


P  2816  TFMP  EHr».*LPV  CP  CAL/  1  OP  7  OClVAC  OELVAC  t  SEA  I  AT  J  AT 

OEt>  K  KCAL/IOP&H  CM  UFO  /P  LVL  lOOOO  80000 


300. COO 
166.901 
32.236 
16.147 
11.696 
6.883 
6.879 
8.  308 
4.  ]8n 
J.67b 
3.170 
2.764 
2.4H2 
2.21  3 
1.966 
1.601 
1.643 
1.8C9 
1  .  398 
1.296 
1.211 
1.113 
1  .C63 

.  34'J 
.666 
.6  18 
.  794 
.  784 
.  718 
.  6bS 

.627 
.tOl 
.377 
.  333 
.333 
.816 
.498 
.  48:> 

.46  3 

.44  2 
.412 
.4l6 

.  3»l 
.  179 
.  168 
.  337 
.  J47 
.  13/ 
14.6,6 


3087.2 

2738.6 

2010.7 
17/8.1 
1628. / 
1818.  / 

1436.8 

1370.2 

1314.8 

1267.6 

1226.7 
1190.6 

1186.8 
I  129,3 

1 103.1 

1079.1 
, 087.0 
IMb.b 
U  1  7.6 

999.9 

983.4 

967.6 
9S3.2 
9  39.4 
924.  3 
91  3.6 
902. 0 
690.8 
6'3‘3.  I 

esO.O 

653.6 


64  1.3 
B  32.8 

924. S 


/6/.: 
7  45.2 
7  7  3.6 

74'.? 

/41  .  I 
73S.1 
74  3 

74  3.4 
/  <6.  I 
7  *2.  7 
7  2  7.3 
722.8 
16  9-.  3 


is. 00 

-2.41 

-41.01 

-52.99 

-60.43 

-68.67 

-69.44 

-  72. 7* 

-  78.40 
-77.41 
-79.80 
'81.14 
-62.43 
-83.94 
-"8.13 
-64.21 
-87.20 
-66.11 

-  86. 94 

-69.  72 

-  90.48 
-•1.13 
-91.  77 
-92. 37 
-92.93 
-•,3.47 
-V3.99 
-94.44 
-,4.92 
-48.  34 
-V8. 77 

-44.17 

-  St . 84 

94.  92 

-47.28 
-',7.41 
• .7.9* 

-  ,9.26 
•  ,8.  86 
••6.88 
-99.  I  3 
•49. *1 

-  ,9.47 
• .9.91 

-I'O.  18 
•I  •'..*2 
-I  ;5.68 

•  I ;o. "8 
-1*1.10 
-Kl.  32 
-  I ;  I  .  8  3 
•84.8* 


880 

842  123.1 

818  221.3 

803  243.2 

493  284.2 

464  244.9 

479  271.4 

474  2’4.4 

449  260.4 

448  283.8 

441  264.7 

486  269.2 

488  291.4 

48?  293.4 

480  298.1 

44  7  294.7 

448  298.2 

44l  299.8 

44  1  300.7 

439  301.6 

436  302.9 

4  34  303.9 

*  38  304.6 

433  308.4 

432  304.4 

*  3  1  30  7.2 

*29  307.9 

428  308.4 

*27  309.2 

*24  309.8 

*28  310.* 

*2*  311.0 

*2  3  3U-8 

422  312,0 

422  312. S 

421  313.0 

*20  313. S 

*19  II  3.9 
*16  31*. 3 

*18  31*. 7 

•IT  318.1 
*14  318.8 

*16  318.8 

*18  318.2 

*18  31*.. 8 

*14  314.9 

*13  317.2 

*l  I  117.8 
*12  317.9 

412  318. 1 

•11  >18.4 

*  96  285.0 


99.3  .898 

39.9  1.234 

32.8  1.792 

28.3  2.379 

28.4  •»,969 

23.4  .866 
22.1  *.166 

20.9  4.  796 

19.9  8.417 

19.1  ...018 

16.4  >>.894 

17.7  /.142 

1  7.2  7.  789 

14.7  6.  368 

14.2  9.004 

18.6  9.620 

18.4  10.228 
18.1  10.618 

14.8  11. 397 
1*.8  11.962 
I*. 2  12.813 
14.0  1  I . 1 00 
I  3.  7  13.  724 

13.8  14.  34/ 

13.3  14. 970 

13.1  18.891 

12.9  |4.2'>9 

12.7  14.822 

12.8  17.4  31 
12.*  18.03* 

12.2  18.4)1 
12.0  19.221 

11.9  19.403 

11.8  20. 379 

11.4  20.9*7 
11.8  21.806 
II.*  22. 041 

11.3  22.4C7 
1  1.2  2  3.216 
11.0  23.8*1 

10.9  2*. *4* 
10.8  28.087 
10.  7  28.  7|r. 
>5.4  28.  3  3.’ 
10.8  28. >83 
10.8  2  7.873 
U.*  28.  191 

10. 3  28. "0* 

10.2  29. *22 
14.1  30.033 
)C.3  2.062 


213.6 
242.9 

249.6 


214.2 

248.4 

257.4 
260.0 


221 . 3 
259.0 
272.  7 

260.4 

265.4 
288.6 

291.4 
293.2 

294.5 

295.5 
294.  3 
297.0 
297.  i 

297.5 

297.6 


I  VAC 


222.3 

241 . 1 

278.8 

284.5 

290.5 
295.0 

298.5 

301.4 
3UI.8 

305.6 

307.6 

309.2 

310.4 

311.8 

312.9 
314.0 

314.9 

315.6 

314.6 

317.4 

316.1 

118.7 
319.  3 

319.9 

320.8 
321.0 

321.8 

321.9 

322.4 

322.8 
32  3.2 
32  3.4 
3  2  3.9 

324.  I 

324.6 
32S.O 

325.  3 

328.6 

328.9 

325.  1 
324.* 

324. 7 

326.9 
32  7.2 
127.* 
32  7  .7 
32  7.9 

328.1 

326.  3 

326.8 

2b0. 3 


CF  SEA  CF  VAC 
LVL 

1.197  1.246 

1,362  1.463 

1,398  1.544 

1.594 
1.628 
1.653 
1.673 
1.669 
1.702 
1.714 
1.724 
1.733 
1.741 
1.748 
1.754 
1.760 

1.765 
1.770 
1.774 
1.779 
1.781 

1.766 
1.790 
1.793 
1.796 
1 .  799 
1.802 
1.604 
1.807 
1  .  609 
1.611 
1.813 
1.616 
1.618 
1.619 
1.821 
1.821 
1.628 
1.626 
1.826 
1.829 
1.631 
1.6)2 
1.834 
1.838 
1 .636 

1.638 

1.639 
I  .640 
1.641 


f PS  ilon 


1,000 
2.000 
I.OOJ 
4.00C 
S.OuO 
6.000 
7.000 
8.000 
9.000 
10.005 
1 1  .000 
12.000 
1  3.000 
14.000 
18.000 
16.000 

1  7.000 
le.OOC 
19,000 
/O.OOO 
21.003 
22.000 

2  3.000 
24.000 
28.000 
24.000 
2  7.000 
28.000 
29.000 
30.000 
31.000 
32.000 
31.000 
34.000 
38.000 
)b.OCC 
37.000 
36.000 
39.000 
40.000 
4)  .000 
42.000 
4  3.000 
44.000 
45.000 
46.000 
4  7.000 
48.000 
49.000 
50.000 

3.406 


*>:/►  P  P5I*  IF«P  ts»*6lp» 
:ev,  «  •cai/1904* 
1.0,.  30«5.;Cj  3C8».2  18.00 

I  . 't*  I 7C.C4*  28*2.8  -2.12 

8.8C3  3*.C78  2228.1  -*2.C3 

18.616  H./ll  19-/. 9  *‘8.10 

23. /t9  12.622  1828.  3  -6  3.23 

32.9e4  9.C99  1711.8  -68.97 

*2.662  6.999  1423.8  -  7).)* 

8  3.0^8  8.68*  1882.  3  -  74.82 

6*.  3  3  7  *,  66  3  1  *32.9  -  79. 70 

76.2  73  3. -33)  1**2. 2  ••2.  I* 

88. 8,4  3.  )95  1  3  38.  1  ••4.2* 

U0.65I  2.975  1  )89.2  •'*6.08 

113.1,"  2.680  1 32*. 8  -87. 75 

128. <*l  2.  382  1293.2  -89.  14 

1*0.576  2.1*2  126*. 8  -90. *8 

154. 5s2  1.841  12  38,7  -81.49 

1  69.381  1  .  77  1  12  14. s  -*2..’9 

184. 4cO  1.627  1  1  92.6  -93.90 

1  99.8  72  1.503  It  72.0  -i*. 7* 

2  14.6*2  I.  336  1  182.8  -85.41 

2  It. It  3  1  .  30  3  1  1  3*. 8  -84,4? 

2*5. SC  3  1.222  1  1  1  7.9  -87.  18 

240.8*1  1.150  1101.9  -97.99 

2  74.631  l.Cn*  1084.9  -  88.  57 

2'i3.  IM  l.C/v.  1572.4  -89.2') 

311.557  .843  1089.0  -,9.80 

321.1,4  .911  lC4t.l  -100.38 

3*7. 4C8  .H43  1033.6  -ICO. 92 

368.7)7  .620  102?. 0  -ICl.** 

364.168  .781  1010.7  -ICI.93 

4C2./B4  .748  1000.0  -IC2.40 

*21.810  .712  989.4  -IC2.88 

440.340  .e«l  9/9.7  -lei. 29 

481.258  .183  9/0.2  -ICl./O 

4/9. 2S8  .62/  96J.0  -104.10 

4,r.266  .601  95?. I  -IC4.48 

516.113  .89I  941.4  -IC4.88 

515.42/  ,560  915.3  -1C5.20 

584. 8J9  .541  92/, 3  -ICS. 55 

5/3.662  .521  919. b  -I05.B8 

892.785  .806  VI2.I  -1C6.20 

412.666  .490  904.8  -IC4.5I 

4  34.0)1  .4/3  89/. 6  -306,81 

685.866  .486  891.0  -10/.  10 

6  //. 34/  .443  884.1  -IC/.le 

489. 2,7  .429  8  77.9  -IC7.46 

721.42/  .414  8/1.6  -IC7.92 

74  1.  72/  -.40)  845.5  -109.  18 

764. ln8  .  392  859.6  -1C9,41 

788. 783  .  380  851.8  -IC0.48 

8  1  1  .8  )6  .  1/0  848.1  'IC8.91 

20.414  14.696  1880.4  -40.40 


8-l»t|V,  €*P*5Sl?S 
C  M48  •  88*9.  3  F  t /SEC 
CP  CA*/  I  ''PI  l;Ei«AC  CElvAC  I  SFA 
OEC,  /P  LV* 

1.018 

.889  122.0  1C). I  .606  214.2 

.847  223.4  *2.9  1,289  ?*7.B 

.827  2*7.0  18.1  1.827  288.2 

.810  260.9  10.6  2. *2* 

.800  270.1  27.7  3.0*2 

.*91  2". 2  28.6  1.488 

.*•7  282.4  2*.0  *.2«" 

.*82  287.0  22.7  *.877 

.*78  290.7  21.7  8.513 

.*/*  293.8  20.8  4.  1  36 

.*71  294.8  20.0  4.736 

.*48  298.9  19.*  7.  311 

.*48  301.0  18.6  7.88' 

.*43  302.9  18.  3  8.52* 

.*6  0  30*./  I  7.8  9.160 

.*58  106.2  17.1  9.791 

.456  107.7  16.9  10.417 

.454  109.0  16.6  11.012 

.452  310.2  16.?  11.616 

.451  3H.  I  18.9  I?.??/ 

.449  II?.*  18.6  12.808 

.*47  111.4  18.*  1  3.  149 

.*44  31*. 1  18.1  11.9*4 

.**8  118.?  1*.9  14.581 

.*41  314.0  I*. 7  15.217 

.44?  316.8  I*.*  15.85? 

.441  117.4  14.2  14.486 

.419  118. 1  14.0  I  /.  1 1/ 

.418  116.9  13.9  17, 745 

.41/  319.4  13.7  18.  149 

.416  320.2  1  3.5  18.968 

.*45  120.8  11.*  19.601 

.*1*  121. 1  1  I.?  20.209 

.*13  321.9  1  3.1  20.810 

.*3?  32?.*  12.1  21.40* 

.431  322.9  12.8  21 .992 

.410  121.4  12.6  22.572 

.429  121.8  12.5  21. 144 

.428  124.1  12.4  21. 712 

.428  >24.7  12.1  24.272 

.427  >25.1  12,2  24.85b 

.426  125.5  12.1  25.490 

.425  125.9  12.0  26.124 

.425  126.1  11.9  26.759 

.424  >26.7  11.8  27.  194 

.421  127.0  U.7  28.028 

.421  127.4  11.6  28.662 

.422  >27.7  11.5  29.294 

.421  320.0  11.4  29.924 

.42)  328.  1  U.l  10.555 

.515  256.1  12.1  2.l8->  256.1 

'I55* 


i  At  I  At  1  VAC  Cl  SfA  CF  VAC 
10000  8CC1OO  IVL 

216.9  22*. I  228.1  1.216  1.169 

281.*  26*. 1  266.1  1.36)  l.*65 

261.1  2/6.9  2e2.1  1.40*  1.851 

266.6  267. 1  291.5  1.601 

292.8  296.0  1.6)9 

296.6  302.6  1.666 

?9'1.*  306.6  1.66/ 

301.5  309.8  1.70* 

303.0  3  12.*  i.ne 

30*. 2  31*. 6  i.ni 

308.1  116.6  1.741 

308.6  118.1  1.751 

106.4  119.8  1.789 

106.6  321.2  1.767 

306.8  327.4  1.774 

106.9  323.6  1.780 

326.6  1.765 

325.4  1.791 

324.4  1.794 

32  7.  3  1.600 

329.0  1.604 

>26.6  1.806 

129.4  1.612 

330.1  1.816 

330.7  1.619 

331.3  1.622 

331.8  1.675 

332.3  1.628 

332.8  1.631 

133.1  1.831 

131.7  1.614 

114.1  1.618 

114.5  1.640 

314.9  1.642 

318.3  1.644 

318.7  1.644 

114.0  1.846 

316.4  1.850 

116.7  1.652 

337.0  1.654 

137.3  1.655 

337.6  1.857 

337.9  U85B 

338.1  1.660 

338.4  1.661 

>38.7  1.663 

338.9  1.664 

339.2  1.666 

339.4  1.667 

139.6  1.868 

265.8  2H4.5  288.2  1.409  1.585 


PRESSURE  PR0PIL6  DATA 


SYSTEM  HCUID  bipropellant 
COMPONENT  TREE  EORHULA 
OEG  K 

2<)e  N2«OA 
298  N2*H4 


PC  300*  PSIA 

DENSITY  HEAT  FORM  WT. 

CM/CC  IKCAL/FORM.hT. ) 

UA3  -5. A  b7. 

UOOA  ♦W.OS  43. 


PRESSURE,  PSIA 

CHAMBER 

300.0  13A.7 

BULK  density  •  1.209  GM/CC 

MIXTURE  RATIO  *  1.326  LB  OXIOI7ER  /  LB  OF 

PRESSURE  profile  DATA 

CmAMHER  entropy  295.91  EU/IOOGMS 

FROZEN  EXPANSION 

60.49  27,16  14.70  12.20  5.477  2.460 

fuel 

1.104 

.  496 

.223 

.  100 

THROA' 

166.7 

temp,  OEG  K 

3148.7 

2715.6 

2334.9 

1999.6  1769.9 

1  704.4 

1444.  6 

1215.9 

1015.8 

84  1.8 

692.3 

565.4 

2825.5 

Enthalpy  (-» 

-12.02 

9.72 

29.13 

45.79  56.91 

60.02 

72.12 

82.35 

90.92 

98.06 

103.95 

108.78 

4.04 

CP 

.5254 

.5153 

.5C3i 

.4898  .4779 

.4741 

.4563 

.4374 

.4189 

.4015 

.  3865 

.  3747 

.5180 

IMPUL  OPT 

140.04 

191  .'04 

225.81  246.30 

251.74 

271.85 

287.74 

30C.42 

310.58 

316.73 

325.25 

121.13 

IMPUl  VAC 

221.16 

242.17 

262.86  276.36 

280.07 

294.08 

305.42 

314.57 

321 .92 

327,81 

332.52 

218.71 

EPSILON 

1.029 

1.444 

2.330  3.494 

3.967 

6.933 

12.279 

21.879 

39.057 

69.702 

124.220 

l.OOO 

PRESSURE,  PSIA 

300.0 

134,7 

60.49 

SHIFTING  EXPANSION 
27.16  14.70  12.20  5.477 

2.460 

1.104 

•  496 

.223 

.100 

1  72.8 

TEMP,  OEG  K 

3148.7 

2892.4 

2639.7 

2375.3  2156.6 

2098.6 

IH02.  7 

1541.2 

1308.5 

1102.9 

922.2 

765.0 

2971.2 

enthalpy  (-) 

- 12.82 

10.25 

31.09 

49.79  62.68 

66.  34 

80.71 

93.05 

103.56 

112.46 

1 19.92 

126.15 

3.32 

X  BAR 

4.839 

4.  765 

4.  706 

4.666  4.651 

4.649 

4.64  5 

4.645 

4.645 

4.645 

4.645 

4.645 

4.787 

N 

4.839 

4.  765 

4.  706 

4.666  4.651 

9.649 

4.645 

4.645 

4.645 

4.645 

4.645 

4.645 

4.787 

CP 

1.2769 

1.1092 

.9C38 

.6832  .5603 

•  5368 

•  4844 

.4613 

.4420 

.4229 

.4038 

.387  1 

1.1650 

IMPUL  OPT 

141.68 

195.46 

233.40  256.30 

262.43 

285.25 

303.49 

318.20 

330.13 

339.83 

347.7 1 

118.50 

IMPU.  VAC 

225,79 

250.41 

274.45  290.13 

294.42 

310.63 

323.68 

334.71 

343.55 

350.73 

356.54 

222.27 

EpSIlJN 

1.040 

1.51  3 

2.517  3.835 

4.368 

7.710 

13.810 

24.903 

45.053 

81.504 

147.149 

1.000 

'32.10  H 

.0737 

.0455 

.0245 

COMPOSITION  SHIFTING  IMOL/lOO  GM ) 

.0105  .0043  .0031  .0006  .0001 

.0000 

.0000 

.0000 

.0000 

.0535 

/9.20  H»N 

•  0000 

.0000 

.OCOO 

.0000  .0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

.0000 

•  oooo 

.0000 

-10.00  H«N»0 

.0051 

.0029 

.0015 

•0006  .0002 

.0001 

.0000 

.0000 

.0000 

•  0000 

.0000 

.0000 

•  0035 

9.33  H»0 

.  1596 

.1032 

.0559 

.0214  .0069 

.0045 

.0005 

.0000 

.0000 

•  oooo 

.0000 

.0000 

.1199 

.00  H2 

•  3886 

•  3200 

.2613 

.2218  .2090 

.2075 

.2057 

.2056 

.2056 

.2056 

.2056 

•  2056 

.3405 

40.30  H2«N 

•  0000 

.0000 

.OCOO 

.0000  .0000 

.0000 

.0000 

.0000 

.0000 

.0000 

•  OOOO 

.OOOO 

.0000 

“i)7.80  H2»0 

2.1756 

2.2877 

2.3012 

2.4454  2.4688 

2.4721 

2.4773 

2.4778 

2.4778 

2.4778 

2.4778 

2.4778 

2.2545 

-ll.OA  H3»N 

.  OuCO 

.0000 

.OCOO 

.0000  .0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

•  OOOO 

•  OOOO 

•  OOOO 

113.00  N 

•  OOCO 

.0000 

.OCOO 

.0000  .0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

•  OOOO 

.0000 

21.63  N»0 

•  0398 

.0236 

.0114 

.0036  .0009 

.0005 

.0000 

.0000 

.0000 

•  0000 

•  OOOO 

.0000 

.0282 

8.06  N*02 

•  OOCO 

.0000 

.OCOO 

.0000  .0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

•  OOOO 

•  OOOO 

.00  N2 

1.9387 

1.9479 

1.9548 

1.9591  1.9606 

1.9609 

1.9612 

1.9612 

1.9612 

1.9612 

1.9612 

1.9612 

1.9453 

19.50  N2«0 

.0000 

•  0000 

.OCOO 

.0000  .0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

:>9.56  0 

•  01  78 

•  0089 

.0C33 

.0007  .0001 

.0000 

.0000 

•  0000 

.0000 

.0000 

•  OOOO 

.0000 

.0113 

.00  02 

•  0399 

.0257 

.0123 

.0031  .0005 

•  0002 

.0000 

.oono 

.0000 

•  OOOO 

•  oooo 

.0000 

.0302 

156 


SVST(I>  LKUiO  eiPBOPClLANT 
CaMt>Q»tFNr  tREF  fORMULA 
DEC  K 

N^aOA 

N2*l«4 


PC/I*  P  PSl*  »f**P  FNT»-AlP» 


l.OOO 

?.oaQ 

l.OOO 

4.000 

*>.01)0 

6.000 

l.OOO 

d.ouo 

4.000 
lO.OUO 
I  l.OOO 
1^.000 

1  l.OOO 
14.0UO 
16.000 
16.000 
1 r.ooo 
la.ooo 

H.QOO 

^O.OoO 

.'1.000 

W?.000 

2  l.OOO 
<’«..ouo 
.<6.000 
<6.000 
.<  l.oyo 
lit. 000 
2  l.OOO 
to. 000 
ll.OCO 
12.OC0 
tl.OOO 
14.005 
16.005 
16,000 
11.005 
18.000 
14.000 
40.000 
hI.OoO 
40.005 
4  1,000 
64,000 
4S.OCO 
66.00  5 
4  '.Ouj 
48.000 
44,000 
60,005 

1.444 


I  .oco 
1  .81.0 
'»,|4| 
lb.  It^ 
<<6, 844 
14.S  11 
44 ,8->6 
66.66" 
61,666 
"0.014 
4^.185 
lC6.bl6 
1  18.414 
1  1^.414 
14?  .  IM 
162.616 

1  18.U1 
161.812 
2C4.661 
226.6  12 
24  I  .61.  1 
.’61.6.5 

2  11.  leb 

241.116 
1  1  5.  J6  t 
128.621 
16  7 .6  16 
166,616 
1  BS  ,  Iti 
6C6.1B4 
624.  16B 
444.620 
464.1 «6 

4B4.0P 

61.  1.4,.8 
621.811 
641,164 
6 6  1,  112 
6«  1.  764 
60.715 
626.865 
648, J15 
6>0,  iri 
b4).al« 
Mb. 11’ 
745.266 
l6  1 .  1  14 
lel .  146 
9U  .  U' 
8  16,061 
864, i;i 
20,416 


iOO.COO 
Ibb.  100 
12.462 
I  8,  1 18 
W.C44 
8.611 
6.682 
6.401 
4.64  1 

1.  148 
1.211 
2.841 
2.611 
2.266 

2. Clb 

1.846 
1.684 
1.648 
t.611 
1  .  llj 
1 .242 


.86  I 
.8H 
.178 
,  7*5 
.  70b 
.616 


Dt(.  »  MCAl/lOOOH  OM  DEG 


100.  P^I* 

OEt86lfV  HEAT  form 

OM/cc  (kcal/forh.ht . 

l.bJ  -6.4 

I.OOb  *12.06 

FRoiEN  Expansion 
C  SIAR  ■  6660.4  fT/SEC 
CP  CAl/  I  OPT  DElVAC  OFlVAC  1  6FA  1  At 


.625 
,  646 
.611 


1 1 48.1 

2826.6 

2090.8 

1862.1 
1 100.2 
16»1.6 

1607.8 

1440.4 
I  184.1 
I  I  16.9 
1294.2 
1261. 1 

1224.6 

1194.8 
Ubl.9 

1141. 1 

1120.6 

1099. 1 

1080.2 
lOb.’.O 
1046.0 
«  .'29.1 

1014.5 

999.8 

9  1  1.6 

949.  7 

928.0 
91  1.9 

908.1 

898.8 

889.8 

841.1 

B  72.8 

864.8 

n67,o 

849.6 

842.2 


#'9.  1 

851.1 

717.2 
Ml. 6 
186,9 
180.6 
1»6.2 

I  IM.  1 


12.8? 
-4.04 
-41.12 
-6.».96 
-bO.22 
-66.  14 
-69.22 

-  12.  II 

-  14.81 

-  11.01 

-  18.90 
-80.61 
-81.91 
-81.21 

-  84.44 
-86.60 
-rb.4B 

-8l.il 

-88.20 

-88.91 

-89.69 

-  M 


-  .1.19 

-  11.61 
-94.11 


-  66.41 

- .6.41 

-  il.H 


•98.61 

-  98.84 

-  »  ».u 


•i:5.2e 
-l'50.60 
-KO.tl 
-  66. »l 


.626 

.618 

.494 

.482 

.474 

.461 

.461 

.466 

.462 


.4l6 

.4)1 

.4ll 

.429 

.421 

.426 

.421 

.422 

.420 

.419 

.411 

.  4|  6 

.  4  1  4 
.41? 
.411 

.415 
.  4C9 
.408 

.401 

.406 

.456 

.406 

.404 

.451 

.402 

.402 

.451 

.400 
.  »  *9 


121.1 

211.6 

219.) 

262.1 

260.8 

261.2 

212.1 

216.2 

219.6 

282.6 
286.0 
281.2 

289.1 

290.9 

292.6 

291.9 

296. 2 

296.6 

291.6 

298.6 

299.4 

100.6 
lOI  .4 
*02.2 
101. 0 
101. 1 

104. 4 
106.0 
106.  1 
*06.2 
106.8 
)07.) 
>01.9 

108.4 
)08.8 
109.  1 

I  !9.  1 

115.2 

115.6 
11 1 .0 
Itl.l 

111.7 

112.1 

II  2.4 
*12.1 
It  1.1 

II  1.4 

M  1.  1 
114.; 
>14.1 
246.  1 


21.6 

22.1 

21.0 

20.0 

19.2 

18.6 

11.8 

11.1 

16.8 


IP 

.686 
l.21n 
1.164 
2.142 
2.941 
1.612 
4.105 
4.118 
6.  1*0 
6.926 
6.496 
1.041 
1.611 
8.241 


L8L  10000 

210.1  212.7 

2  19.2  244.6 

246.  7  26*. 6 


16.9  9.467 
16.6  10.066 

16.2  1C. 662 
U.9  11.221 

14.6  11.784 

14.4  12.  It'. 

|4.1  12.082 

11.91 1.496 

11. 7  14. I "V 

11.4  14.72* 

11.2  I6.IIS 

11. 1  16.944 

12.9  16.661 
12. /  I  1. 16> 

12.6  1 7. 760 

12.4  18. *41 

12.2  18.926 
W.l  19.606 
12.0  25.077 

11.8  20.64/ 

11.7  21. V**- 
11.6  21.  '6| 
U.6  22.296 

11.1  22.81* 

1  1.2  2  1.441 

11.1  24.-61 
U.O  24.667 

i:. »  26.28' 
IC..8  25.89* 

10.7  26.60> 
15.  7  2  7.  1  16 
10.6  21.727 
1C. 6  28.1*6 

10.4  28.942 
IC. 1  29.6*7 

2.046 


217.7 
266.0 
268.6 
2  It.  1 
281.1 
284.  7 
287.1 
289.  1 

290.6 

291.6 
292.4 
29*. 0 
29*. 4 
291.6 
291.  7 


218.7 

267.1 

271.6 
280.  1 
286.  ) 

290.8 
2  94.1 

297.2 

299.6 

101.6 
101.4 
106.0 
1U6.4 
>07.  7 

108.8 


111.7 

112.6 

111.1 

114.5 


1  .  I  96 
I  .  162 


125.0 
125.  * 
>2  5.  ’ 


>21.2 
*21.6 
12  I.  7 


1.245 
1  .464 
1.647 
1.696 
1.610 
1.666 
1 .6  76 
1.692 
1  .  706 
1.718 
1.728 
1.717 
1.746 
1.762 

1.769 
I  .  764 

1.770 
1.776 
1.780 
1.784 
1.788 
1  .  192 
1.796 
1.7., 
1.802 
1.806 
1.807 
1.810 
l.rU 
1.816 
1  .8  1  7 
1.820 
1.822 
1.824 
1.826 
1.H2B 
l.BlO 
t.811 
1.8  11 
1.8  16 
1.816 
I  .■  >8 
1.8  19 

1.841 

1.842 

1.841 

1.846 

1.846 

1.847 


10.  I 


246.1  266.4  272.9 


C-’SUJ'i 


I.0C5 
2.005 
1.050 
4.000 
6.000 
6.000 
1.000 
8.000 
9.000 
10.000 
I  1.000 
12.000 

1  1.000 
14.000 
16.000 
16.000 
17.000 
18.000 
19.000 
20.000 
21.005 
22.000 
21.000 
24,000 
26.000 
26.000 

2  1.000 
28,000 
29.000 
10.000 
11.000 
12.000 
il.OOO 
14.000 
15.000 
16.000 
>1.000 
18.000 
19.000 
40.000 
41.000 
42.000 
41.000 
44.000 
46.000 
46.000 
4  1.000 
48.000 
49.000 
60.000 

).aj5 


PC/" 

l  .0C5 
I  .7  J6 
8.291 
I*.  *86 
21  ,6.2 
29.8  76 
>8.7  68 
*8.5t8 
‘  7.666 
68.  116 
79.241 
90.466 
IC1.7C6 
1  12.928 
124.  16l 
U1.1C5 
160.149 

161.416 

1  76.910 
190.517 
2C4.21* 
217.962 
/  n  .729 
246.4,2 
26/. 2  19 

2  71.116 
288. 6J0 
)C4.| n 
125.018 
3J6.050 
162.246 
168.587 
>86. 061 
4C1.627 
418.290 
415.029 
461  .826 
468.671 
485.5*0 
5C2.451 
519.  J72 
5)6. HO 
561.2JI 
510.162 
581. OSI 
6C4.0I6 
622.720 
641.68) 
660. 8C2 
680.069 

699.416 
20.414 


*<  »;i*  tE«p 

CF'.  *  • 

iOO.COO  1144.7 
I  72, -46  2971.2 
)6.192  2489.2 
2/.e>6  2284.1 
I  1.8  10  21  14.6 
I0.C42  2019.9 
7.740  1926.4 
6.2»«  t"60.l 
5.201  1746.6 
•  .111  11  l^.b 

J./81  1682.4 

1.  il6  16  19. 1 
2.96g  1651.6 
2.661  1566.9 
2,412  1616.6 
2.180  1656.7 
1.998  1480.2 
1.8  16  1455.7 
1.696  14  12.9 
1.675  1411.5 
1.469  I  191.5 
1.  116  I  172.7 
1.296  1 156.0 
1.222  I >18.2 
1.151  I >22.2 
I.C98  1)01.1 
I.CbO  1/92.1 
,986  1278.9 
.917  1265,1 
.891  125). I 
.852  1241.0 
.814  1229.4 
. 779  1218.) 
.141  1201.5 
.717  II  91.2 
.690  1187.2 
.664  1117.6 
.640  1168.) 
.618  1159.2 
.597  1150.5 
.578  1142. 0 
.559  I  I  )1.8 
.542  1125.9 
.526  1118. I 
.611  1110,6 
.491  110).) 
.482  1096.1 
.468  1089.2 
.454  1082.4 
.441  1015.8 
.429  1069.4 
14.696  2156.6 


S'*iF»tN'.  E»p**.sns 
C  Map  •  6196.1  «>/St; 

CP  CkKf  I  'Pt  r>tl»Af  rEl»AC  1  SIA 


CAl  /nc.p  cfb 
12.82  1.217 

•1.12  1.146 

-42.24  .714 

•55.  19  .624 

•61.88  .552 

-69.98  .518 

-14.66  .600 

-18.4?  .4*9 

•81.6*  .482 

• *4.l9  .4l6 

-04.41  .412 

•98. *8  .460 

•90.26  .466 

•91.81  .461 

-Vl.ll  .461 
•  94.64  .458 

-95.85  .45* 

-9*. VI  .454 
-98.00  .452 

-98.91  .451 

-99.81  .449 

-ICO. 11  .441 

-i;i.50  .446 

-IC2.26  .445 

-102,96  .44) 

-IC1.6>  .442 

-IC4.26  .4*1 

-IC4,81  .4)9 

-IC5.45  .4)0 

-106.00  .4)1 

-1C*. 52  .45* 

-ICT.O)  .4)5 
-IC1.51  .4)4 

-107.98  .4)) 

-1C8.4)  .4)2 

-1C8.8*  .4)1 

-109.27  .4)0 

•109. *7  .429 

-110. 0*  .428 

-I  10.4)  .428 

-110.19  .427 

-111.14  .42* 

-111.4#  .425 

-III. 81  .424 

-112.1)  .424 

-112.44  .42) 

-112.14  .422 

-11). 0)  .421 

-11). )2  .421 

-ll}.*0  .420 

-11). 81  .419 

-62.68  .5*0 


U8.5 

219.4 
24  1.6 
258.  ) 
2*8.4 

276.9 
2*1.1 
28*. 6 
290.6 
29). 9 

296.9 

299.5 
101.8 
10  1.9 

105.8 
)01.5 
)09.1 
)I0.5 

111. 9 

11) . I 
114.  1 
>15.4 
)1*.4 
>1  1.4 
118.) 
)19.2 
)20.0 
)20.8 
)21.5 
122.2 
)22.9 

12) .* 
)24.2 
)24.8 
)25.4 
)25.9 
)2*.4 
)21.0 
)27.5 
)27.9 
>28.4 

128.9 
129.) 
)29.7 
))0.) 
))0.5 
))0.9 
))1.) 
>)l.fr 
1)2.0 
256.) 


/P  l  .1 


101. n  .630 

46.2  1.2*8 

11.7  i.eov 

11.2  2. *02 

10.2  1.009 

28.0  1.622 
?6.4  4.223 

25.0  4.812 

21.9  6.448 

21.0  6.01* 

22.2  6.685 

21.5  1.211 

20.8  l.*41 

20.)  8. 411 

19.8  9,042 

l9.)  9,671 

18.9  10.)0l 

18.5  10.924 

18.2  11.5)9 

11.8  12.145 

11.5  12.140 

11.2  II. )2) 

IT.O  11.895 

16.1  14.455 

16.5  15.012 
16.)  15.641 
16.0  16.211 

15.8  16.900 

15.6  11.529 

15.5  18.15* 
15.)  18.181 

15.1  19.40) 
15.0  20.021 

14.8  20.6)4 

14.6  21.244 
|4.5  21.848 

14.4  22.44« 

14.2  2). 0)9 

14.1  2). *2* 
14.0  24.201 

11.9  24,181 
D.T  25.150 
1).*  25.912 

11.5  26.4*9 
l).4  27.019 
D.l  21.64) 
1).2  28.211 

11.1  28.899 
l).0  29.528 

12.9  )O.I56 

)).e  2.)02 


211.4 
246.  ) 
264.8 


296.) 


I  At  lit 

lOOOC  51000 

216.1  221.2 

251.8  262  6 

262.8  ..  78.) 

266.9  281.4 
191.5 

9  7 .  7 
>00.9 
13>.  1 
135.  I 
>36.5 
1C  7. 6 
>08.5 
10«.  > 
10«.e 
MO. I 
110.) 
)10.4 


266.9  286.2 


«AC  CF  6(A  Cl  «aC 


222. 1 

26*. 6 

281.4 

291.5 

298.6 

101.9 
108. 1 
>11.5 
)l*.4 

116.9 
119.0 

123.9 

122.6 
12*. 2 

125.5 
)26.8 
>28.0 
)29.0 
>>0.0 
))l.O 
))1.B 

112.6 
1)1.* 
11*.  I 
i>*.e 
1)5.* 
>>6.0 
>)6.6 
>)7.2 
1)1.  7 
)18.2 
1)8.  7 
)>9.l 
>19.6 
)4;.o 
140.4 
340.8 
)4l.? 
>41.6 
>41.9 
>42.1 
>42.6 
>42.9 
>41.2 
)4).5 
14). 8 
>44.  I 
>44.4 
144.7 
)44.9 
290. 1 


U2  14 
1  .  )67 
1.415 


1.185 
1.469 
1.562 
1.619 
1.658 
1.682 
1.7U 
UMO 
1.746 
1 . 159 

i.in 

1.782 
1 .  791 
UMOO 
1.802 
1.814 
1.821 
1.827 
1.8)2 
1.8)7 
1.842 
1.847 
1.851 
1.855 
^.859 
1.862 
1.866 
1.869 
1.872 
1.875 
1.878 
l.BBO 
1.88) 
1.885 
1.888 
1.890 
1.892 
1.894 
1.896 
1.898 
1.900 
1.902 
I .  «04 
1.  >06 
l.'iOl 
1.909 
l.'Jll 
1.912 

1.914 

1.915 
1.611 


isr- 


P«essu>»e  PROFILE  DATA 

SVST6H  LKUIO  B I  PR(JP6  LLANT  PC  300.  PSI  A 


COMPONENT 

TREE  FORMULA 

DENSITY 

HEAT  FORM 

hT 

DEG  K 

GM/CC 

(kcal/form.mt. 

) 

?98  N?*OA 

1.43 

-0.4 

64 

2^8  N2*M4 

1.004 

♦12.00 

36 

PRESSURE,  PSIA 

Chamber 

300.0  134.7 

BULK  density  ■  1.241  GM/CC 

MIXTURE  RATIO  *  1.778  LB  OXIOWER  /  LB  OF 

PRESSURE  profile  DATA 

CHAMBER  ENTROPY  278.64  Eu/IOOGMS 

FROZEN  EXPANSION 

60.49  27.16  14.70  12.20  5.477  2.460 

FUEL 

1.  104 

.496 

.223 

.100 

THROAT 

167.8 

TEMP,  DEC  K 

3077.3 

2654.6 

2282.8 

1955.3  1730.9 

1667.0 

1413.  1 

1189.8 

994.4 

824.5 

678.4 

554.  3 

2765. 2 

enthalpy  {-) 

-9.  16 

10.62 

28.18 

4  3.27  53.  33 

56.15 

67. U 

76.37 

84.14 

90.61 

95.95 

100,33 

5.32 

CP 

•  4869 

.4776 

.4666 

.4539  .4430 

.4394 

.4232 

.4060 

.3885 

.  3727 

.  3588 

.  34  7  7 

.4803 

IMPUL  OPT 

1  3  3.21 

161.73 

214.82  234.32 

239.50 

250.63 

273. 76 

285.84 

295.52 

303.26 

309.5 1 

114.60 

IMPUL  VAC 

210.39 

230.38 

250.07  262.93 

266.46 

279,79 

290.60 

299. 32 

306. 33 

311.95 

316.44 

208.05 

EPSILON 

1.029 

1 . 444 

2.330  3.496 

3.968 

6.938 

12.289 

21.906 

39.124 

69.851 

124.544 

l.OOO 

PRESSURE,  PSIA 

300.0 

1  34,7 

60.49 

Shifting  expansion 

27.16  14.70  .  12.20  5.477 

2.460 

1.  104 

.496 

.223 

.100 

171.4 

fcMP,  DEG  K 

3077.3 

2811.6 

254  7.  1 

2276.9  2065. rt 

2001.8 

1  7  33.4 

1484.  1 

1259.6 

1060.6 

865.9 

734.0 

2891.0 

EnTmAlPy  (-) 

-9.  78 

1  1.06 

29.33 

46.56  58.11 

61.  37 

74.25 

85.  33 

94.77 

102.76 

109.45 

1  15.03 

5.02 

X  BAR 

4.480 

4.423 

4.  380 

4.352  4.341 

4.  339 

4.335 

4.333 

4.  333 

4.  333 

4.333 

4,333 

4.436 

•4 

4.480 

4,42  3 

4.  380 

4.352  4.341 

4.339 

4.335 

4.333 

4.  333 

4.  333 

4.  333 

4.333 

4.438 

CP 

1.0527 

.8979 

.  7393 

.6040  .5294 

.5121 

.4609 

.4315 

.4103 

.3919 

.  3746 

.3592 

.9457 

IMPUL  OPT 

134.66 

185.63 

221.43  243.02 

248.80 

270.30 

287.65 

301.60 

312.90 

322.07 

329.51 

113.47 

IMPUL  VAC 

2U.49 

237.58 

260.12  274.92 

278.98 

294.40 

306.98 

317.24 

325.60 

332.38 

337.86 

211.23 

EPSILON 

1.039 

1.506 

2.497  3.806 

4.  338 

7.690 

1  3.  779 

24.830 

44.091 

81.123 

146.310 

1.000 

02.10  H 

•  0317 

.0156 

.CC59 

COMPOSITION  SHIFTING  IMOL/lOO  GM ) 

,0015  .0003  .0002  .0000  .0000 

.0000 

.0000 

.0000 

.0000 

.0197 

79.20  H*N 

•  OOCO 

.0000 

.OCOO 

.0000  .0000 

•  0000 

.0000 

.0000 

.0000 

,0000 

•  0000 

.0000 

.0000 

-10.00  H*N»C 

.0068 

.0043 

.0025 

.0013  .0000 

•  0006 

.0002 

.0001 

.0000 

.0000 

.0000 

•  0000 

.0049 

9.33  M*0 

.2008 

.  1  384 

.0842 

.0422  .0207 

•  0161 

•  0044 

.0008 

.0001 

.0000 

.0000 

•  OOOO 

.1564 

.00  H2 

.1165 

.  0697 

.0342 

.0124  .0043 

.0029 

.0004 

.0000 

,0000 

.0000 

•  0000 

•  0000 

.0828 

40.30  H2*N 

•  OOCO 

.0000 

.OCOO 

.0000  .0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.OOOO 

-07.80  h2*0 

2.0105 

2.0978 

2. 1662 

2,2118  2,2315 

2.2352 

2.24)9 

2.2462 

2.2466 

2.2466 

2.2466 

2.2466 

2.0733 

-11.04  h3*N 

.0000 

.0000 

.OCOO 

.0000  .0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

•  0000 

.0000 

113.00  N 

.OOCO 

.0000 

.OCOO 

.0000  .0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

21.65  N*0 

.0833 

.0608 

.0416 

.0256  .0159 

.0135 

.0059 

.0020 

.0006 

.0001 

.0000 

•  OOOO 

.0672 

8.06  N*(32 

•  0001 

•  0001 

.OCOO 

.0000  .0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

,0001 

.00  N2 

1. 7737 

1. 7862 

1.7968 

1.8054  1.8105 

1.8110 

1.8158 

1.8178 

1.6186 

1.8188 

1.8188 

1  .8188 

1.7827 

19.50  N2»(3 

•  0000 

.0000 

•  OCOO 

.0000  .0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

09.56  0 

•  0323 

•  0168 

.0C91 

•0033  .0011 

•  0008 

.0001 

,0000 

.0000 

.0000 

.0000 

•  OOOO 

.0225 

.00  02 

.2241 

.  2  309 

.2  393 

.2490  .2561 

.2579 

.2638 

.2665 

.2674 

.2677 

.2677 

.2677 

.2288 

158- 


LlCUiO  BSI^Itgl'Ei.LANT 
C^klPOKENI  IREE  FORMULA 
OE(>  K 

240  N2«04 

240 


PC 


1,000 
J  .000 
i.OOO 
<1.000 
^.000 
b.OOO 
7.000 

e.ooo 

4.0C0 
lO.OoO 
1  1.000 
I2.0O0 
1 i.OOO 
I<|.000 
D.OOO 
16.000 

1  7,000 

la. ouo 

14.000 
20,0uu 
2l.00> 
22.uw0 
^  l.Ooo 
.000 
21.000 
.‘b.OuO 

2  7.000 
20,000 
<  4,0g0 
10.000 
>1.000 
J2.OU0 
il.OOO 
10. 003 
11.000 

lb. OO'' 
17.000 
19.00; 
14. Co; 
60. Coo 
6 1 .OvO 
62.000 
6  1,000 
6  6 . 10  3 
6  1  .  Okl  ' 

V  6 . 0  V  J 

6  7.300 
6d.OuO 
64,000 
10.000 
3.646 


GM/CC  (I 

».6J 

1.006  * 

FRO/Eh  EXPANSION 
C  SfXA  «  S17S.6  Ff/sec 

I  rCMP  rNl>>ALPv  CP  CAL/  I  OPI  OElVAC  CEIVAC 
CEU  K  KCAL/IOOGP  CM  PFC  /P 


16.112 
26.996 
16 .166 
66.914 
IS. 649 
t  7.691 
/  I.1S2 
42.696 
1CS.614 
I  19.296 
1  12.2(6 
167, W1 
162.167 
I  17.967 

1  4  1  ,  S<.6 
2C4.  1  74 
22S.2e" 
26l  .2  !1 
217.1-1 

2  7 1. ICC 
241  .226 
K  1.66  7 

197.1. * 
166.  7  96 
161.719 
le1.0(.6 
6:6,171 
621.996 
661, i;7 
661.221 
691. QC6 
1C2.661 
122.721 
162.6  13 
162  .116 
192.616 
6.2.699 
626.1  1.' 
666, >\ * 
66  4.111 

642.1. * 
711.19* 
7  19  .  1'.9 
761.761 
7ei,2i» 
9 ;  * .  0  c  6 

9  12.952 


1.606 

6.666 

1.  712 
1.217 
2 . 966 
2.116 
2.269 

2. CH 
1  .  969 
1.697 
1 .110 
1.6)1 
I  .  1)2 


1077. 1 

2761.2 
2066.1 
ISlt.  1 
1661.1 

1116.9 

1671.2 

i6D9.6 

I  116.  1 
1  10  7.  1 
1266.1 
12  10.6 

1149.1 
1164.6 

1161.1 
1119.2 
1047.1 
IC76.  I 
l6l 7.  7 

1614.9 


i  .  166  I  .^3  7.  7 
t.C4»  **».! 

l.v.)0  97  4.2 

.164  966. J 

.  .i1  91*. 1 

, 161  961 .6 

.b2v  4*0.1 
.774  914.6 

.  762  909.1 

, 700  949.2 

.676  9*4.  7 

.'69  esO.6 
.621  9  71.9 

.'>4;  91*.* 

.176  "11,2 

.11)  967.6 

.11)  9  )9. n 

.111  9)2." 


,669  931.6 


7»).0 


9.  79 

'1.12 

-  14.21 
-69. 76 
-16. i? 
-60.91 
-66.67 
-67.27 

-64.19 
-71.16 
-7). 21 

-  76.  71 

-  76.02 
-77.14 
-79.21 
-79.21 
-90. 10 
-90.91 
-91. 66 
-p2. 16 


-"6.19 

-'6,61 

-•7.0* 

-"7.62 


-  -  n 

-  0.31 

-  -J.  )l 


.697 
.690 
.619 
.66  7 
.614 
.611 
.627 
.62) 
.619 
.611 
.•12 
.609 
.607 
.606 
.602 
.600 
.  199 
.  196 

.  i91 
.  )9l 
.  )9'> 


.  *9  ) 
.  )<12 
.  )9l 
.  )ao 

.  )79 
.  179 
.  177 
.  *76 
.  )76 


.  172 
.  *72 
.  )7l 
.  »'0 


.  )*• 
.  *92 

.  *71 
.  763 


761.6 

771.8 
770.  ) 
761.3 

719.9 
17*3.* 


116.6 

206.9 

227.6 

219.8 
268.1 
216.2 

218.9 

262.9 
266.0 
269.  7 
271.1 
27). 2 

271.1 

276.7 
27B.  ) 

279.6 
290.4 

292.1 
20). 1 
29<..| 
281.  I 
2H1.4 

296. 7 
29  7.1 
29" .  2 
299.'* 

299.6 

290.2 
29C.9 

291.6 

291.9 

292.6 

242.9 
24). 6 
29  )." 
246.  I 

246.7 
2  71.  I 
2*1.1 

241.9 
2  46.2 

246.6 

296.9 
2>».2 

297.6 
29  7.9 

299.2 
298.1 

299.7 
249.0 
2)6. ) 


91.6 

17.6 

so. 8 

26.9 
26.  1 
22.1 
21.1 
23.0 
19.0 
10.2 
1  7.6 
1  7.0 
16.1 
16.0 


.117 
t.iie 
1.679 
2.220 
2.  79M 
).  160 
).900 
6.604 
1.G  71 
1.61/ 
6.  I  9'> 


11.2 


7.260 
7.961 
8.62-7 
9.006 
9.1  71 

16.1  1C. 116 
|6.2  1C.6HI 
1  ).4  U.211 
I  ).7  U.7*7 
1  1.1  I/. 216 
1  ».?  12.9*1 
I  ).0  I  *.622 

12.  »  16.C36 

12.6  16.10B 

12.6  11.16H 

12.1  11.761 

12.1  I6.)l6 

12.3  16.946 

ii.e  17.669 

11.7  le.036 
.117 

19.10.’ 
U.  *  19.614 
U.2  20.1  71 

II.  C  20.641 

13. 4  21.21  * 
ly.9  21. 721 

13.7  22.29- 
1'.6  22.691 
1  ;.1  2  *.666 

IJ. 6  26. ■-6- 

13.  >  26.6  )l 

13.2  21.21  * 

I'.. 2  21.  791 

10. I  26.»7i 
10. 0  26.911 
9.4  27.112 
9.8  2«.1'37 
2". 6  1.967 


U.1 


199.9  202.1 

227.1  2)2.7 

2)1.  7  261.2 

261,8 


Ml.  0/0 

1 

66. 


207.1  208.1 
262.6  266.6 

211.1  21s. 6 

262.9  266.  7 

267.6  2  72.6 

2  713,9  2  76. 6 

27*.)  290.0 

271.1  282.  7 

276.6  201.0 

277.6  207.0 

279.2  200.  7 

2  70.1}  290.2 

274.2  291.1 

2  74.6  297.  7 

279.1  291.0 

296.9 
291.  7 

296.6 
29  7  .  1 
290.  I 
290.  7 
29*.- 
)00. 0 
*00.1 
101.1 
)01.6 
*02.  3 
IU2.1 

102.9 
10  *.  1 
10  1.  7 
106.  1 

136.6 
)y6.0 
101.  1 
iyi.6 
131.  7 
*06.0 
)36.  ) 
)J1,6 
*06.0 
)07,  I 

*07.6 

)C7." 

100.2 


262.9  214.1 


)09.  7 
100.  7 
262.  4 


Cf  SEA  Of  46C 
IVL 

1.196  1.261 

1.162  1.666 
l.)99  1.167 

1  .196 
1.6)0 
1.616 
1  .6  76 
1  .6  42 
I  .  706 
1.710 
1  .  728 
1.717 
1  .  761 
1.712 
1.719 
1.761 

1.770 

1.771 
1.700 
I  .  7n6 
1.700 
1.792 
1  .  791 
1.794 
l."32 
1 .001 
1 .000 
1.913 
l.al) 

1.011 

1.019 
1.920 
1.922 
1.026 
1.026 
1.920 
1.9)3 
l."i2 
l.0>* 
1.0*6 
1.0)7 
l.-*0 
1.060 
1.-61 
l.“62 
I  .066 
1.061 
1.666 
1.06* 
1.069 
1.6C1  1.176 


I.OOO 
2.003 
1.003 
6.003 
1.000 
6.003 
7.000 
0.003 
9.000 
10.000 
U.0C3 
12.000 
1  1.003 
16.000 
11.003 
16.003 
I  7.000 
10.000 
19.000 
20.000 
2 1.000 
22.000 
. I.OUO 
26.0C0 
21.003 
26.003 
27.000 
26.000 
29.000 
10.000 
ll.OOO 
12.000 
11.000 
16.000 
11.000 
16.000 
ir.ooo 
10.000 
19.000 
60.000 
61.000 
62.000 
61.000 
66.000 
61.000 
66.000 
67.000 
68.000 
69.000 
10.000 
1.806 


1.71C 

16.166 
21.9*1 
50.1 J0 
»9.3  J6 
"6.2*3 
*7.</2 
60.6:* 
74.1/0 
*0.71) 
K2.3t6 
I  15. 2 13 
126.711 
137. 122 
1 10.162 
I  6 ). *c0 

1  77.611 
191.361 
2C6.4;2 

2  18.6>,3 
2  52  .6*'" 
266.2->5 
260.3/1 
2  76.1  26 
2 "9 .6  1  * 
1C1.)29 
121.252 
1)7.  )6| 
115.656 
1  70.017 
196. 6C6 
60.265 
620.011 
6  lb  .0 )1 
6l  ).  720 
670.61) 
667.622 
1C6.6 I  7 

121.630 
1  38.617 
111.600 
1  72. 7C9 
109.7)8 
6C6.962 
621.690 
666.992 
666.2  32 

601.630 
7C1.I  10 

20.6  16 


6.  *7) 

1.  It) 
3.  3y6 
2.161 
2.6"4 
2.631 

2.  Ul 
1.942 
1.0  >0 
1  .671 
>.l70 
1.661 
I  .  372 
1 .2'4l 


err.  « 

10  7  7.  ) 
20*1.0 
2)80.3 

2ts1.6 

7361.6 
19)1.6 
106  7.  ) 

1716.1 

1711.7 
166  *. 7 
1610,0 
1177.) 
1160.4 
1137.0 

1677.7 

1610.1 
1626.6 
1631 .0 
1  179.0 
I  118.6 
1119.0 
I  120. » 

1131.7 

1797.6 
1272.0 
12>7.) 
1261.1 
1210.0 

1217.1 

1201.1 

1191.6 
1182.1 
1171.) 
lltO.9 

1110.9 
1161.2 
tl  11.9 

1172.9 
1116.1 

1 101. 7 

1097.1 

1089.1 

1081.8 
1076.) 
1067.0 

1019.9 

101). 0 

1066.2 

1019.7 
101). 1 
1027.1 

2061.8 


•1.C2 
-60.01 
-11.82 
-14.  )6 
-66. 70 
-69.96 
•72.29 
•  71.06 

-  77.8) 

-  79,6  7 
-01.27 
-"2.07 

•01.61 
-46, 79 
-97.89 
-*9.98 
-"9.91 

-  40.69 
-91. "9 
-42.21 
-52.96 
-91.6) 

-  46.27 

-  46.87 

-91,66 
-41.99 
-••6.11 
-47.00 
-57, *T 
-17.91 
-18. 16 
-98, 70 
-49,18 
-99.17 
-94.96 
-100. SO 
-ICO. 61 
-ICO. 99 
-ICl.Sl 
-1C1.67 
-IC1.9S 
-102.22 
-IC2.il 
-102.79 
-ICS. 06 
-101. S2 
-ICS. 18 
-ICS. 8) 
-IC6.07 
-18.11 


."18  271.7 


.*6l  281.1 


,609 
.608 
.606 
.601 
.606 
.60S 
.602 
.601 
.600 
.199  S08.6 


101.1 

106.1 

106.7 

107.1 

107.9 


.149 
.198 
.  197 
.  )96 
.  191 
.  191 
.196 
.19) 


.191 

.190 

.)89 


109.0 
109.1 
SIO.O 
110.6 
)10.9 
111.) 
Sll.T 
J12.? 
112.6 
112.9 
111.) 
)i).r 
116.0 
116.6 
.189  )|6.7 


62.6 
11.6 
11.2 
20.1 
26.1 
26.4 
2  1.  7 
22.6 
21.  7 
21.3 
20.  1 
19.  7 
14.2 


CI06S1ICH 
1131.6  Ft/IEC. 

'  rfi.AC  -**  44C  I  '.{A 
'P  146 

.  -4*. I  .170  202.9 

1.186  21). 8 
1.71*  261.7 

2.282 
2.014 
1.662 
*.  304 
".172 
1.17) 

1.  76<| 
e.  169 
6.411 
7,612 
7.941 
0.191 
9.189 
9.  781 
IC. *76 
10.960 
11.111 
12.100 
12.61*. 

1) .l9r 
n.7?9 
16.266 
16.861 
11.619 
16.017 
16.616 
17.213 
17.86) 

10.61* 

19.020 
19.602 
20.180 
20.716 
21. 122 
21.886 
22.661 
22.992 

2) .1Sh 
26,077 
26.61 1 
21.1 19 
21.6  70 
26.266 
26.86* 

27.660 
29.017 
28.616 

2.171  261.0 


18.  I 

17.9 

17.1 

17.2 

16.9 
16.6 
16.1 
16.1 
11.0 
11.6 
11.6 

11.2 
11.0 
16,0 
16.6 
16.1 
16.  1 
16.1 
16.0 
I*. 9 

11.7 
11.6 
11.1 
11.* 
1  1.2 

15.1 
11.0 

12.9 

12.8 
12.7 
12.6 

12.1 
12.6 
12.1 
12.2 

11.9 


lOOCO  1C3C0 

241.6 
2)9.0 
264.) 

21). I 


212.6  271.2 


Hi 

21  1  .2  1 .2  )6 
211.2  1.166 
266.4  1,612 

2  76.1 
29*.  1 
269.2 

292.1 
2*1.  1 
298.  1 
ICO. 6 
)b2.6 

306. 2 
101.0 
107.  1 
)08. 6 

109.8 

110.9 

111.9 
112.8 
)1  ).  7 
116.1 
111.  1 
116.0 
116.7 
11  7.  1 
118.0 

119.1 
119.  I 

119.6 

120.1 
*20.6 
)21 .0 
121 . 1 

121.9 
122.1 
122.  7 
121.  I 
>21.6 
121.9 
126.  1 
*26.6 

126. 7 
*21.0 
*21.1 
*21.6 

121.9 
126.2 
126.6 
126.  7 

326.9 

276.9  1.620 


1.101 
I  .669 
1  .100 
1.6U 
1.611 
1.606 
1.707 
1.726 
1.762 
1.716 
1.767 
1.779 
1.787 
1.796 
1.901 
1.810 
1.917 
1.921 
1.820 

1.9) 1 

1.9) 0 
1.961 
1.967 
1.911 
1.911 
1.810 
1.961 
1.861 
1.969 
1.971 
1.971 
1  .876 

1.979 
1.601 
1.881 
1.006 

1.980 
1.890 
1.092 
1 .896 
1.096 
1.890 

1.900 

1.901 
1.90) 
1.901 
1.906 

1.908 

1.909 
1.911 
1.607 
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AERONUTRONIC  DIVISION 


OF^  -  B,H,  SYSTEM 
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PRESSURE  PRUFILE  CtU 

SYSTEM  C-F2-02h6  PC  lOCC  PSIA  PE  0.1  PSIA 


CCPPCNENT 

TREF  FCRPUIA 

CEC  K 

CENSlTt 

CP/CC 

HEAT  FORM 
IKCAL/FORP.WT. 

Ml.  1 

) 

0F2 

I2d  C«F2 

♦  3.5 

66.0 

e2H6 

180  P2«h6 

0.445 

♦  2.5C 

!4.0 

eULR  CEKSITV  *  GP/CC 

PUTCRfe  RATIO  s  1.941  IP  PKICI2ER  /  IP  OF  FLEL 


PRESSURE  PROFILE  CATA 
CHAPPEfi  ENTRCPV  351. 4P  tU/iCCGPS 


CHAPPER 

THROAT 

FR07EN 

EXPANSION 

ESSIRE. 

PSIA 

ICOO 

398.  I 

158.5 

63. 10 

25.  12 

14.70 

1C.CC 

3.981 

1.565 

.631 

.251 

.  100 

550.1 

<  PP.  CEC 

K 

3663.6 

3C37.4 

2508.7 

2063.3 

16fltt.5 

1498. 7 

1 374. C 

1  1  1C. 9 

892.6 

713.1 

566.0 

446.5 

3245.3 

ThALPY  1 

1-  ) 

-7.35 

31.72 

64. C6 

9C.72 

I  12.60 

123.43 

1 30.45 

144.93 

156. 6C 

165.96 

173.4  1 

179.31 

18.84 

.6  3CC 

.6173 

.6C52 

.5911 

.5754 

.5660 

.5585 

.5424 

.5278 

.5132 

.4997 

.4869 

.6219 

PLL  CPT 

184.36 

249.25 

292.09 

323. C3 

337.31 

346.23 

363.97 

377.67 

388.29 

396.55 

402.97 

150.93 

PLL  VAC 

275.36 

304.84 

331.11 

351.90 

361.85 

360.  1  5 

380.83 

390.72 

398.44 

404.44 

409.09 

269.69 

SILCN 

1.C59 

1.625 

2.864 

5.323 

7.734 

10. 152 

19.614 

38.158 

74.462 

145.371 

263.433 

l.OCC 

SHIFTING  EXPANSION 

ESSCRE* 

PSIA 

ICOO 

398.  1 

158.5 

63.  10 

25.  12 

14.70 

1C. CO 

3.961 

1.585 

.631 

.251 

.  ICO 

567.6 

>*P«  CEC 

K 

3663.6 

3253.5 

2674.2 

2512.5 

2167.7 

1979.6 

1851.4 

162b. 4 

1516.6 

1421.4 

1348.2 

1264.7 

3407.1 

ENTPALPY  1 

[-  ) 

-7.35 

32.73 

67.73 

98.17 

124,43 

137.92 

146.84 

165.92 

183.C0 

198.57 

212.86 

226.  10 

17.91 

BAR 

6.389 

6.286 

6.207 

6.153 

6.  1 16 

6.  IOC 

6.C66 

6.0C6 

5.859 

5.718 

5.569 

5.426 

6.323 

N 

6.389 

6.286 

6.207 

6.  153 

6. 116 

6.100 

6.066 

6.038 

5.973 

5.905 

5.871 

5.843 

6.323 

CP 

1.3136 

1.1727 

i.oces 

.8592 

♦  7699 

.7420 

.7314 

2.7605 

3.0466 

3.2895 

6.4023 

6.BUS6 

1.2315 

fM>CL  OPT 

186.72 

255.57 

302.90 

338.59 

355.49 

366.25 

388.25 

406.94 

423.25 

437,69 

450.6S 

148.22 

JM’LL  VAC 

281.41 

315.91 

347.09 

372.45 

364.86 

392.85 

410.03 

425.84 

439.65 

452.52 

464.03 

273. H8 

fPilLCN 

1.C75 

1.721 

3.  159 

6.092 

9.030 

12.020 

24.720 

53.694 

1 16.903 

266.809 

604.322 

1.000 

CCPPCSITION  SHIFTING  IPCl/lOC  CP» 


1 32.6C 

8 

.CC07 

.0CC2 

.cccc 

.ocoo 

.ooco 

•  0000 

.cccc 

•coco 

.CCCO 

.cccc 

.0000 

.0000 

•  0003 

4  5.47 

e«F 

1.2966 

1  .2839 

1.267C 

1.2484 

1 .2261 

1.21C5 

1.1968 

1.1929 

1.2140 

1.2251 

1.1039 

•  9666 

1.2899 

-i45.or 

e«F*c 

,6856 

.7830 

.8793 

.9690 

1.0372 

1.0570 

1.0566 

•  9664 

.7712 

.5732 

.4832 

.4111 

.7453 

-  135.84 

e«F2 

.C232 

.0171 

.0126 

•  0096 

•  0068 

•  cost 

.0C39 

.002  I 

.0017 

.0012 

.0008 

•  0005 

.0192 

-in.cc 

e«F3 

.CC30 

•  OC36 

.0C52 

.0C95 

.021fl 

.0349 

.C465 

.0819 

.1371 

•  1963 

.2623 

.3272 

•  0033 

(  14.76 

e«H 

•  CCCl 

.0000 

.0000 

•  0000 

.OOCO 

•  COOO 

.COCC 

.0000 

•  OOCO 

•  0000 

.0000 

.0000 

.0000 

-  47 . 1 3 

E*H«C 

.2929 

,2578 

.2146 

.1671 

.1255 

•  1109 

.1056 

•  0656 

•  0496 

.C29C 

.0176 

.0111 

.2724 

-135.32 

e*p«c2 

.C363 

.034C 

.0290 

.0219 

.0148 

•  0118 

•  010  1 

.0058 

.C023 

.0006 

•  0004 

•  0002 

•  0352 

6  ).CC 

e«H2 

.CC18 

.0CC7 

.0CC2 

.0001 

.OOCO 

•  OCOO 

•  COCO 

.COOO 

•  OOCO 

.COOO 

.0000 

•  OOOO 

.0010 

-4‘5.CC 

eth2«02 

.CCOO 

•  OCCO 

,OCOO 

.0000 

•  OOCO 

•  OOOC 

.COCC 

.0000 

•  OOCO 

•  OCOO 

.0000 

.OOOO 

•  OOOO 

<6.CC 

e*h3 

.CC03 

.0CC1 

•  OCO  1 

•  0001 

•  ooco 

.0000 

.000  1 

.000  1 

.0000 

.CCOO 

.0000 

•  oooo 

•  0002 

-238. 6C 

e*F-3*03 

.CCCO 

.CCCC 

.ocoo 

•  ocoo 

•  OOCO 

•  COOO 

•  0000 

.ooco 

.0000 

.OOCO 

.0000 

.0000 

•  OOOC 

5.74 

P*c 

.C835 

•  0474 

.0217 

.0073 

.0017 

.0006 

.CC03 

.0001 

•  OOCO 

•  cooc 

•oooo 

.0000 

•  0602 

-SH.CC 

6*02 

«CC36 

•  0021 

.0CC9 

•  0003 

.OOCl 

•ooco 

.0000 

.0000 

.0000 

•  0000 

.0000 

.0000 

.0026 

-  H  I.6C 

e2*C2 

.Cl  16 

.0112 

.0103 

•  0069 

•  0082 

.0090 

•  0108 

.0  128 

•  0061 

.0030 

.0015 

.0008 

.0114 

-2  1  ).  1C 

82«03 

.CCI5 

.0C19 

.0C22 

•  0024 

.0028 

•  0035 

.0045 

.0057 

.0023 

.0009 

.0005 

.0002 

•  0016 

-567. CC 

e3«F3«C3 

.CCOO 

.occe 

•  CCCC 

.0000 

•  OOCO 

•0001 

.C004 

.CC69 

.01  14 

.0161 

.0212 

.0260 

•  OOOO 

8*66 

F 

.cell 

•  0CC3 

.CCCl 

•  0000 

•  OOCO 

•  0000 

.CCCC 

.0000 

•  0000 

.0000 

•  OOOO 

•  OOOO 

•  0005 

-64. 5C 

F»h 

.4035 

•  3322 

.2570 

.1794 

•  1022 

•  0618 

.0366 

.0144 

.0102 

•  0066 

.0051 

.0040 

.3603 

-2^.ic 

F*H«C 

.CCCO 

.occe 

.OCOO 

•  0000 

•  OOCO 

•  OOOC 

.0000 

.0000 

.OOCO 

•  0000 

.0000 

.OOOO 

•  OOOO 

32. 4C 

FtO 

•  cccc 

•  OCCO 

•  OCOO 

.0000 

•  ooco 

•ooco 

•  CCCC 

•  0000 

•  COCO 

•  COOO 

.oooo 

.0000 

•  OOCO 

.cc 

F2 

.CCCO 

.0000 

•  OCOO 

•  0000 

•  ooco 

•  0000 

.OOCO 

•  0000 

•  0000 

•  0000 

.0000 

.0000 

.0000 

52.  1C 

H 

.4476 

.2779 

.  1457 

.0569 

•  0166 

.0066 

•  0031 

.0007 

•  0003 

•  cool 

.0001 

•  ooco 

•  3394 

S.3’ 

»-•(' 

•  CC36 

•  0C12 

.0CO3 

•  OCOO 

•  OOCO 

•  COOO 

.0000 

•  0000 

•  OOCO 

.0000 

•  oooo 

•oooo 

•  0019 

.CC 

H2 

3.0411 

3.1988 

3.3409 

3.4606 

3.55C9 

3.5867 

3.6042 

3.63C3 

3.6S2S 

3. 6655 

3.6722 

3.6762 

3. 1394 

-57. ec 

H2»C 

.0486 

•  0328 

•  0193 

•  0093 

.0033 

.0016 

,0009 

.0002 

.0001 

•  COOO 

.oooo 

.0000 

•  0387 

59.56 

C 

.CC03 

•  0C01 

.0000 

•  0000 

•  OOCO 

•  0000 

•  CCOO 

.0000 

•  OOCO 

•  COOO 

•  oooo 

•  oooo 

•  0001 

.CC 

C2 

.CCCO 

•  0000 

•  0000 

•  OCOO 

•  0000 

•  0000 

•  0000 

•  OOCO 

•  0000 

•  OCOO 

•oooo 

.oooo 

•  OOOO 

-305.34 

e2«C3/C 

•  CCCO 

•  OOOC 

.0000 

•  0000 

•  OOCO 

•  COOO 

•  OCCO 

•  0316 

•  1145 

.1871 

.2175 

.2398 

•  OOOO 

.CC 

e/C 

•  CCCO 

•  0000 

.ocoo 

•  0000 

.0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0650 

.1776 

•  OOOO 

-162- 


IL^K 


.ccc 
.ccc 
.cco 
.ccc 
.ccc 
.ccc 
.ccc 
.ccc 
.cco 
10. ccc 
■  .ccc 
.ccc 
.cco 
.ccc 
.ccc 
.ccc 
.ccc 
.ccc 
.ccc 
10. ccc 

.CfC 

.ccc 

.ccc 

.ccc 

,tcc 

.ccc 

•  ccc 
.ccc 

•  cco 
30. ccc 

.ccc 

.ccc 

•  ccc 
.ccc 
.ccc 
.ccc 
.ccc 
.ccc 
.ccc 
.ccc 

•  ccc 
.ccc 
.ccc 
.ccc 
.ccc 

•  ccc 

•  ccc 
.ccc 

CCc 
50. ccc 
y.  7u 


PC/»  P  PSI* 
I.CCO  ICCC.OCC 

i.eie  5Sc.c«? 

1.7C2  KJ.OTt 

2«.«;s  ST.Ikl 

37. 3U 
k7.k7\  Jl.ctu 

*9. ISO  u.0*«2 

I  i.n^e  111. etc 

fit. HIS  n.HSt 

57.4*1  U.2tl 

112.2511  H.4C» 

12  7. 2  74  7.t5>r 

>112. eca  7. CO* 

15H.7»S  6.5CC 

174.456  5.7le 

151.276  5.225 

2C7.4C4  4.6)C 

224.475  4.455 

24I.C.'6  4,I4S 

256.455  2.665 

277.576  ».60! 

257. C56  2. fee 

*i6.4ee  *.155 

••7.114  2.4ee 

»57.5el  2.7V< 

*76.le7  2.64(1 

256.464  2.5Ce 

414.664  ^.262 

440. e2C  2.266 

461.624  2.165 

462.625  2.071 

5C2,764  1.465 

524.654  I.4C6 

545.520  1.622 

566.246  1.766 

566.666  1.7C4 

6C7.266  I.ete 

627.744  1.54* 

651.242  1.526 

675.556  1.46C 

7C0.22i  1.426 

72S.1C7  1.275 

750.2*2  1.223 

7  75.566  I.26-. 

SCl.Ue  1.246 

6<6.4C5  1.2C5 

652.641  1.17* 

!76.4‘4  1,126 

4C5.165  I.1C5 

471.564  I.C7‘ 

66.C46  14,646 


5V5I6I*  e'l2-«2>*6 
CCNPCMCkt  rO*7*OLA 

lEb  P 

073  I3«  0*r3 

627'6  ie? 

c  Step 

IfPP  IMk-AlPV  CP  c*i/ 
ccc  K  KCtl/ICCCT*  GP  etc 
2662. «  7.95  .620 

2245.2  -16. H4  .632 

253C.5  -75.42  .600 

-42. S4 
-1C2.26 
-1)0.64 
-1)6.24 
-I2C.6S 
-);4.94 
-)27.4* 

-)*C.07 
-)*3.94 
-)*4.44 
-)36.27 
-)*7.4i 
-)*4.43 

•  )40.0t 
-i42.ee 
-142.22 
-144. 9C 
-)45. 2) 

-)46.25 
•l47.  14 

•  147.42 
'Ub.le 
-l4l.se 


PC  locc  P4t6  pe  C.  I  PS16 

CtMSItV  ».66t  FOKM  4f.  0/0 

GP/CC  IRCAL/tOPP.bt. 1 

1.5J  *3.5  66.0 

0.445  *2.50  34.0 

ElPPKSlOK 
•  6446.5  tl/5tC 

OPT  CtiVPC  CCLV6C  1  5CA  i  AI  1  AT  1  V 
/p  IVl  1CC00  Scoo.l 


2CSI.8 
1644. H 
172."*. *> 
1625.  I 
1547.  ) 

1462. 6 
142  7.4 
136C.A 
12*4.  i 
)2t2.2 
1264.  ) 
1224.  ) 
1211.0 
1166.0 

1162. 7 

1142.4 

1122.5 
DC*. 4 
)Cb6.5 
IC7C.  ) 
)C54.  I 
)C4C.  ) 
1C26.  2 
IC)f.2 

tcct . 7 

466.4 
42  7. S 
466.  7 
456.2 
446.  2 
4*6.0 
42  7.6 
416.  7 
4)C.2 
4v2.C 
654. C 
066.  2 
07e.4 

671.7 
66  4.  7 

e-.b.c 

651.4 

44S.) 

►  56.4 

►  22.4 
627.0 
62  I.  5 
615. ► 

1446. 7 


-151.5  I 
-152.  I  I 
-152.64 
-152. 21. 
-)52.77 
-154. ?»• 
•154. 77 
•155.24 
•155.64 
-156.  12 
-I56.S4 
•156.45 
•157. 2« 
•'57.72 
•15*. C* 
-  154.44 
*l5c. 76 

•154.  )2 

•  154.44 

•151. 76 
•)6C.C6 
•160. 26 
•ltC.65 
•122. 6J 


.540 

.562 

.577 

.572 

.564 

.565 

.563 

.554 

.556 

.554 


.V5C 
.544 
.547 
.546 
.544 
.54} 
.542 
.54) 
.540 
.534 
.5  38 

.537 

.536 

.525 

.534 

.534 

.532 

.522 

.52? 

.521 

.520 

.510 

.524 

.528 

.528 

.527 

.527 

.526 

.526 

.525 

.525 

.524 

.524 

.522 

.525 

.522 

.522 

.566 


265. 


.4  ii«.a 

46.0 


.4 


98. 


92.8 
4  24.7  I 

4  27.4  I 

7  25.6  I 

5  34.2  I 

4  22.0  t 

0  22.  1  2 

7  21.2  2 

3  20.5 

5  )4.8 

5  14.2 

2  )8.7 

C  18.1 

5  17.8 

4  17.4 

3  17.1 

4  16.7 
16.4 
16. 1 

.6  15. b 

5  15.6 

4  15.3 

2  15.1 

C  U.o 

►  14.7  6 

5  )4.5  6 

I  14.3  6 

8  14.1  6 

4  14. C  7 


13. 


7. 


!>.5  11.6  7 

S.)  13.5  7 

'.6  12.5  7 

r.i  12.2  ► 

r.6  13.1  ► 

'.I  12.4  ► 

r.5  12.8  { 

*.4  12.7  6 

•.4  1^.6  4 

12.5  4 

12.4  5 

:.6  12.3  5 

.4  12.2  It 

1.3  12.1  1C 

1.6  12. C  )< 

!.0  11.4  1C 

1.5  D.P  U 

U!  24.5  1 


.216  266.5 

.454  304.1 

.651  323.3 

.084  220.1 

.084  334.1 

244  336.2 

.515  3J7.t 

.728 
.446 
.  I60 
.381 
.6C6 
.PSi 
.055 
.276 

.443 
.706 
.413 
.  1 14 
.324 
.556 
.784 
.C22 
.254 
.486 
.715 
.442 
.167 
.  28b 
.606 
.821 
C32 
2*8 
441 
654 
►  23 
C23 
2tv 
«92 
666 
446 
l?e 
26  1 
543 
425 
C57 
2P" 

514 

748 

477 

f7C  2  3  7.2 


267.5 

sn.2 

326.2 
334. C 
SSB.9 

341.4 
342,8 

244.4 

245.5 


264.2 
3tS.O 
331.0 
34  1.6 

348.2 

353.1 
356.0 
354.  7 
362.  I 
364.  I 
365.0 

367.2 

368.5 

364.5 

270.5 

371.3 
372. C 

372.7 

373.2 

373.8 

374.2 

274.6 
2  74.4 
375.  I 

375.6 

275.6 
375.0 

375.4 

376.1 

376.2 

276.2 
•76.4 

276.4 

376.5 

276.5 


1*».7  354. C 


264.7 

sis.e 

322.5 
349.  1 

250. 1 
255.9 

254.3 

362.7 

365.4 

36  7.8 

364.5 
37)./ 
*73.  • 
374.0 
376.  1 

37  7  .3 

378.4 

379.4 

380.2 

38  1.2 
382. C 
302.  7 

283.4 
Sb4. 1 
«84. 7 
385.  9 

305.5 

306.4 

307. C 

307.4 
3P7.5 
ae8.4 
2PP.b 

284.2 

204.6 
540. C 
34C.2 

240.7 
*4  I  .C 

341.3 

341.7 

34;  .C 
342.2 

347.5 
3‘-2.  ► 
24  3.  I 
54*.  2 
34  2.6 
243.0 
344.  I 
?ei.7 


CF  SEA  CE  VAC 
LVL 

1.294  1.249 

1.432  1.463 

1.498  1.542 

1.524  1.584 

1.547  I.e/t 
1.557  1.645 

1.561  1.664 

1.600 
1.693 
1.704 
1.713 
1.722 
1.724 
1.726 
1.742 
1.747 
1.752 
1.75V 
1.76) 
1.765 
1.764 
1.773 
1.7  76 
1 .  774 
1.782 

1.745 

1.707 

1.740 

1.792 

1.795 

1.747 

1.794 

I.BOl 

l.bOS 

1.004 

1.006 

l.bOS 

i.e04 

i.dll 

1.8I3 

i.eU 

1.815 

1.817 

1.018 

1.819 

I.b2l 

1.822 

1 .823 

1.824 
1.025 

1.56?  1.676 


.LCS 


cc 

.ccc 

.ccc 

.ccc 

•  CCC 

.ccc 
.ccc 
.ccc 
.ccc 
10. ccc 
.  ccc 
-ccc 

-CCC 

ccc 
.ccc 
.ccc 
.ccc 
ccc 
ccc 
30. ccc 
-ccc 
.ccc 
ccc 
.ccc 
.ccc 
.ccc 
.ccc 
.ccc 

.CCC 
50. ccc 
.  .ccc 
.CCC 
.CCC 

.cco 

.ccc 

.ccc 

.ccr 

.ccc 

■  ccc 

/FO-CCe 

•  .ccc 
.ccc 
.ccc 
-  -cco 

■  ccc 
.oco 

'  .ccc 
.cco 
.cco 
50  .cco 

4.C20 


PC/F 

1  .CCC 
1.761 
8.428 
15.  14  1 
<2.666 
*0,552 
29.076 
40. 2C  7 
*  7.524 
6  7  .  744 
76.  155 
►0.510 
94.761 
1 1 1.256 
122. C22 

1  2  5 .  C  2  9 
147.174 
1*4.414 
171.672 
103.055 
>56.0*4 
2Cb.C48 

2  14.9C3 
2*1.576 
243. C5 I 
2*4.520 

260. 4<e 

202.027 
255.741 
3C4.519 
22  3. *5C 

227.212 
1*1. C66 
368.55  I 
178.709 
352.502 
4C6.215 
414.572 
4*3.540 
<47.004 
860.356 
873.508 
806. 60C 
854.627 
512.848 
525.110 
527.620 
544.973 
562.171 

578.212 
506. C94 

6e.C46 


P  P>1* 

KCC.COC 
56  7.'*2! 
1  10. 5K 
66.Cii> 
48.  I2C 
22.266 
25.591 
2C.7C1 
17,26* 

14.  7#  » 
12.705 
11.247 
1C. 022 
8.480 
►  .I2F 
7.4C’‘ 
6 .744 
6.273 
5.025 
«  .4Sf 
5.1C1 
4.007 
4, 5*.  7 
4.sie 

4.11* 
7.42* 
2.  725 
*.546 
*.301 
2.221 
2.C42 
2.465 
2.840 
2.74C 
2.64C 

2.547 

2.461 

2.201 

2.207 

2.237 

2.172 

2.112 

2.C55 

2.C01 

1.451 

1.904 

1.06C 

1.010 

1.779 

1.742 

1.7C6 

18.696 


ItBP  (Ml-AlP* 
COC  ■  •C*l/leOC» 
7.  25 


245  7.  1 
<774.6 
254C.  1 
2  3*‘5.6 
2267.0 
2175.9 

2044.0 

2096.  1 

*46».? 
14*2.4 
1884. 7 
1052.  I 
152c. 5 
1742.0 

1768.4 
1 746 .  a 

1727.5 
171c.  1 

1644.5 
leec.  3 

1667.4 
16*5,6 

1644.4 
16*5.0 
1626. > 
16  IP. 4 
I6t|.2 
16C4.7 

1548.6 
154*. 0 

1587. 7 

1582.7 

1570. 1 

1579.7 

1564.6 

1565.7 
1562.0 

1550.6 

1555.2 
1552.  f 
1584.0 

1586.1 

1589.8 

1580.7 

1530.1 

1535.2 

1533.3 

1530.4 

1528.7 

1526.5 

1474.6 


•17.41 
-76. -6 
•45. 4e 
•lt-1.27 
•M7.lt 
•121.00 
•124. 26 
•122. 4i 
-1*7. PI 
•I4l.  14 
•144.  16 

-146. 74 
•  144.  18 
*151,25 
-152.  17 
-158.4* 
-156.55 
•150. C5 
-154.84 
-ler. 7* 
-lei. 47 
-16  2. 11 
-168. 2c 
-165.22 
•166.  14 
-167.  12 

-leb.oi 
-168.05 
-164.66 
-17C,88 
-171.  It 
-171. 4C 
-172.58 
•172.25 
-179.04 
-178.51 
-175. K 
-175.68 
-176.28 

-1/6.70 
-177. 9) 
-177,02 
•170. 32 
•170.01 
•179.20 
•179.78 
-too. 14 
-lbC.62 
•101.0* 
-lbl.87 
-137.92 


CP  CAi 
GP  etc 
1.518 
1.2M 
.965 
.869 
.820 
.790 
.771 
.750 
.744 
.782 


ShKTISG  cipaksios 

SIP*  •  7  1 14.8  *  t/SEC 
I  '•PI  CtiwPt  fH  VAC 


)*►.? 

276.6 
2CC.C 
217.2 

224.1 

227.9 

284.9 
25C.6 

255.4 

252.5 

26*. C 

366.2 
264.0 

271.5 

172.7 

575.8 
2  77.6 

274.3 
Sbt.l 

982.4 
381.0 

285.1 

386.2 
*»7.5 

280.6 

284.6 
24C.6 

241.5 

342.4 

343.3 
294.  I 

244.9 

545.7 

546.4 
347.  I 

547.8 

240.4 

544.0 

344.7 
40C.7 

400.8 

401.4 

401.4 

802.4 

802.9 

803.8 
80»,9 

808.8 
808.9 
805.3 

355.5 


/p 

.221 

.457 

.679 

.4Ci 

1.124 

1.32) 

1.554 

1.775 

1.49? 

2.215 

2.437 

2.656 

2.085 

2.11b 


44.8 

29. P 

26.4 
14.0 

22.2 

20.7 

7V.4 

28.2 

27.4 
26.6 

25.9 

25.2 

24.8 

24.4 

23.9 

23.6 

73.2 

22.4 

22.6 

22.4 

22.1 

21.4 

71.7 

21.5 

21.4 

21.2 
21.0 

20.4 

20.8 

20.6 

20.5 
20.4 

20.3 
20.2 
20.  I 
20.0 

14.4 
19.0 

19.7 

19.1 

19.6 

19.5  IC.C01 
19.4  1C. 211 

19.8  1C. 817 
19.3  1C. 820 

19.2  10,019 
19.2  11.015 
19.1  11.207 

29.8  1.990 


*51 

*.50* 

7.016 

8,C86 

8.272 

8.493 

4.7IC 

4.422 

5.12b 

5.  224 
5.550 
*.701 

6. C25 
e.27C 
6,515 
6.754 

7. C04 
7.287 
7.b9C 
7. lie 

7,969 

0.2C6 

e.881 

►  .673 
0.902 
9.12b 
4.151 
9.571 
9.708 


I  SEA 
CVl 

27C.6 
Mb.  I 
3*8.4 
38  3.8 

340.4 
252.8 
1*4.2 
255.  I 

255.5 


355.5 


1  PI 
ICCCC 

271.6 
22c.  I 
J27.4 
24  7.8 
252.4 
35b. 3 
261.  I 
263.0 

364.3 
365.  1 

365.4 


364.3 


I  61  I  v6C 
5CCCt 

273.5  27  3. • 

328. C  224.6 
34*. 7  244.6 

555.5  557. C 

263.6  165.5 

289. T  371.4 
*74.4  377. C 

270.2  3RI.2 

lel.k  284.7 
•84. C  207. b 
.2P6.‘  390.5 

2PP.1  29?. 8 

540. C  294.9 

391.5  396.8 

342.8  390.5 

144. C  4C0.I 

345.1  401.6 
346. C  4C2.4 

346.4  404.2 

347.7  4CS.! 

940.4  406.4 

394.1  407.5 

344.7  4Ca.5 

4C0.2  4C9.4 

400.7  41C.S 

401.2  4l).1 

401.7  411.9 

402.0  812.7 

802.8  413.5 

802.7  818.2 

802.4  4)8.9 

803.2  815. 5 

803.8  416.2 

8CS.6  816.8 

803.6  817.8 
808.0  810.0 

808.1  810.5 

808.3  419.1 

408.8  4  19.6 

804.5  820.) 

808.6  820.6 

808.7  421. C 
808. e  821.5 

808.9  822.0 

805.0  822.8 

805.0  822. E 

803.1  823.2 

805.2  829.6 

805.2  828.0 

805.3  828.8 

301.8  388.9 


CF  SEA  CF  vPC 
IVl 

1.230  l.<2} 

1.837  1.460 

1.519  1.550 

1.558  1.613 

I.57T  1.652 

1.59?  1.60) 

1.601  1.704 

1.605  1.723 

1. 606  1.729 


1.775 

1.705 

1.795 
1.801 
1.800 
1.015 
1.021 
1.026 
I.H32 
1.837 
1.08) 
1 .086 
1.050 
1.058 
1.050 
1.062 
1.065 
1.060 
1.072 
1.075 
1.070 
1.001 
1.009 
1.006 
1.009 
1.091 
1.098 
1.096 
1.090 
1.901 
1.903 
1.905 
1.907 
1.909 
1.9M 
1.913 
1.918 
1.916 
1.918 

1.606  1.739 
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PRESSUftE  PROFILE  C«TA 

SVSTEP  C-f2-R2h6  PC  lOCC  PSU  P£  0.1  PSIA 


PRESSLREi  PSU 

CCPPORENT  YREF  FORMULA  CEKSITY  FEAT  FORM  NT 

LEG  K  GH/CC  (KCAL/f ORP.wT. ) 

0F2  12b  0«F2  1.53.  43.5  7C 

B2H6  tbO  e2«H6  O.Ui<5  42.50  30 

eULK  DENSITY  =  GP/CC 

PIXTLRE  RATIO  »  2.333  LC  OXICI/ER  /  LB  OF  FLfcL 

PRESSURE  profile  DATA 

CHAMBER  ENTRCPY  BNO.lb  EU/1CCGHS 

CFAPBER 

FROZEN  tXPANSICK 

ICCO  39b. 1  156.5  63.10  25.  12  1V.70  1C. 00  3.961  1.565 

.  0/0 

•  0 
•  0 

.63  1 

.251 

•  ICO 

THROAT 

554.3 

TEPP, 

CEG  R 

2966. 5 

3203.6 

2  727.2 

2242.6 

1835.7 

1630.0 

1494.7 

12C9.8 

973.2 

778.  1 

618.3 

468.3 

3536.6 

EMhALPY  (-1 

-7. 25 

32.92 

66.13 

93.50 

1 15.95 

127. ce 

134.29 

149. lb 

161. 19 

170.83 

178.51 

184.60 

19.35 

CP 

.59  15 

.56  1C 

.57C6 

.  5501 

.5449 

.5364 

.53CI 

.5146 

.50C5 

.467  1 

.4741 

.4621 

•  5848 

IPPtL 

OPT 

166. S2 

252.65 

296.04 

327.38 

341.84 

35C.91 

366.90 

382.80 

393.60 

402.00 

408.53 

152.10 

IPPtL 

VAC 

279.  1  3 

3Cd.96 

335.56 

356.63 

366.72 

373.13 

3b6.C0 

396. C6 

4C3.91 

410.02 

414.77 

273.40 

fcPSlLCh 

1.056 

1.624 

2.862 

5.322 

7.735 

10.  155 

19.638 

38.240 

74.690 

145.974 

284.932 

l.OOC 

PPESSLREi  PSU 

ICCO 

398. 1 

15t.5 

63.  10 

SHIFTING  EXPANSION 
25.12  14.70  1C. 00 

3.9F1 

1.585 

.631 

.251 

.100 

569,5 

lEPP. 

CEG  K 

2966.5 

3575. i 

2204.0 

2859.9 

2533.  1 

2353.5 

2233.1 

1979.0 

1754. C 

1537.5 

1419.4 

1346.4 

3730. 1 

£^T^-ALPY  (-» 

-7.25 

3U.C5 

70.37 

102.33 

130.37 

145.03 

154.86 

176.25 

194.99 

211.33 

225.70 

230.91 

18.63 

X  EAR 

6.C3R 

5.912 

5.EC6 

5.720 

5.652 

5.617 

5.591 

5.522 

5.456 

S.4C3 

5.268 

5.154 

5.95b 

6.C3b 

5.912 

5.606 

5.720 

5.652 

5.617 

5.591 

5.522 

5.456 

5.403 

5.327 

5.258 

5.958 

CP 

I.M922 

1.3664 

1.2416 

1  .0741 

.9422 

.9259 

.9459 

.9976 

•  8925 

.8877 

4.7728 

4.7811 

1.4324 

UPLL 

OPT 

169.55 

259.85 

306.75 

346. Cl 

363.98 

375.54 

399.54 

419.45 

436.07 

450.  17 

462.76 

150.04 

iPPtL 

VAC 

265.95 

321.74 

354.55 

381.78 

395.38 

404.26 

423.18 

439.  17 

452.54 

464.59 

4  75.72 

278.09 

tPSlLCN 

1.C77 

1.737 

3.229 

6.334 

9.502 

12.782 

26.415 

55.355 

1 16.095 

255.246 

576.569 

1.000 

1i2.6C 

e 

.CCC9 

.0CC3 

.OCOl 

CCPPCSITION  SHIFTING  UCl/100  CN ) 

.0000  .coco  .CCOO  .coco  .occo 

•  OOCO 

•  COOO 

.0000 

•  0000 

•  0005 

-HS.M? 

e«F 

.9622 

.9556 

.9209 

.9C13 

.8699 

.6460 

.6247 

.7618 

.6996 

.6588 

.6532 

•  6551 

.9659 

-U<3.CC 

e»F«c 

.7698 

.8947 

.9962 

1 .0905 

I.T7C3 

l.20St 

1.2235 

1.2487 

1.2567 

1.2363 

1.0795 

.8661 

•  8542 

-123. 8*« 

e«F2 

.C299 

.0225 

.0174 

.0141 

.0120 

.0110 

.01C2 

.0072 

•  0040 

.0017 

.0010 

.0007 

.0251 

-2?C.CC 

e«f  3 

.CCbO 

.CC4S 

.0C58 

.0093 

•  02C0 

.C350 

.0521 

.  1 107 

.1732 

•  2162 

.2598 

.3207 

.0042 

1^.76 

e«H 

.CCCl 

•  0000 

.OCOO 

.0000 

-COCO 

.OOOC 

.COCO 

•  0000 

•  occo 

.OOCC 

•  0000 

•  0000 

.0000 

-W.  12 

e»h»c 

.1933 

.1676 

.  1367 

•  1024 

.0683 

.0519 

•  C426 

.0297 

•  0252 

•  0269 

.0215 

•  0141 

.1762 

-125.32 

e«F*c2 

.0263 

.0262 

.0313 

.0240 

.0157 

.0115 

.OC92 

.0059 

.0044 

.0037 

.0022 

•  0010 

.0374 

66. CC 

B«h2 

.CC08 

.0CC3 

.OCOl 

•  0000 

.ooco 

•  OCOO 

.COOO 

.COOO 

•  COCO 

.0000 

.OOOC 

.0000 

.0005 

-US.CC 

e«H2«02 

.CCCO 

•  occo 

.OCCO 

.0000 

.OOCO 

.0000 

.COCC 

•  0000 

.COCO 

.0000 

.0000 

•  0000 

•  0000 

le.cc 

B«m2 

.CCOl 

•  occo 

.OCOO 

.0000 

.ooco 

.0000 

.0000 

•  0000 

•  coco 

•  OCOO 

.0000 

.0000 

•  OCOO 

'2!b.6C 

e*H3<02 

•  CCGO 

.CCCC 

.OCCO 

.0000 

.ooco 

•  0000 

.0000 

.0000 

•  0000 

.0000 

.0000 

•  0000 

.0000 

5.7M 

6*0 

•  1068 

.C6ec 

.0374 

.0165 

.0054 

.0024 

.0013 

•  0003 

•  OOCl 

.0000 

.0000 

•  0000 

.0823 

-PU.OC 

e«c2 

.CC76 

.0C5O 

•  OC26 

.0012 

.00C4 

•0002 

.CCOl 

.0000 

•  COCO 

.0000 

.0000 

•  OOOC 

•  0060 

-11 1 .6C 

e2»C2 

.CC56 

.0C49 

.0040 

.0026 

.0017 

.0012 

.COlO 

.0007 

.0009 

•  0019 

.0019 

•  0011 

•  0052 

•21C.1C 

e2*03 

.CC1  1 

.OC  12 

•  0C12 

•  coil 

.ooce 

.0007 

.0006 

.0005 

.00C8 

•  0021 

.0020 

.0010 

•  0011 

-  56  7. CC 

e3«F3»C3 

.ccoo 

•oocc 

.OCOO 

•  0000 

•occo 

•  9000 

.CCCC 

•  COCO 

•  0002 

•  0051 

.0213 

•  0259 

•  0000 

16.&6 

F 

.CC59 

•  0023 

•  00C8 

•  OC02 

•ooco 

.0000 

.cooo 

•  0000 

•  COCO 

.0000 

.0000 

•  0000 

•  0034 

-6i4.5C 

F*h 

.7429 

.6814 

.6145 

.5446 

•  4663 

.4142 

.3677 

•  2354 

.  1082 

.0301 

•  0146 

•  0103 

•  7062 

-26.  1C 

F»h*C 

.CCOO 

.OCCC 

.OCOO 

•  OCOO 

•  OOCO 

•0000 

•  0000 

•  0000 

•  0000 

.0000 

•  0000 

•  0000 

.0000 

22.I4C 

F*C 

•  CCOO 

.OCOC 

•  OCOO 

.0000 

•  OOCO 

•0000 

•  OCOO 

•  0000 

•  OOCO 

.0000 

•  cooo 

•  0000 

•  0000 

.CC 

F2 

.CCCO 

.0000 

.OCOO 

•  0000 

•  OOCO 

•  0000 

•  OOOC 

•  0000 

•  OOCO 

.0000 

•  0000 

•  0000 

•  0000 

52.  1C 

F 

.7C54 

.51  16 

.3375 

.  1931 

•  089R 

.0517 

.0336 

.0111 

.0030 

.0005 

•  0002 

•  0001 

•  5651 

9.32 

F»C 

.C153 

•  0C65 

.0C23 

.OC06 

•  COCl 

•cooo 

•  0000 

.0000 

•  OOCO 

•  0000 

•  0000 

.0000 

.0093 

•  CC 

F2 

2.2197 

2.4657 

2.6453 

2.7910 

2.9151 

2.9768 

3.0  175 

3.1060 

3.1792 

3.2196 

3.2312 

3.2377 

2.421b 

-57. 8C 

h2*C 

.0622 

.0628 

•  0439 

.0272 

•  0143 

.0091 

•  C064 

•  0026 

•  0009 

.0002 

•  0001 

•  0000 

•  0704 

59.56 

C 

.C026 

.0008 

•  0002 

•  0000 

•  OOCO 

•ooco 

.0000 

•  0000 

•  OOCO 

•  0000 

.0000 

•ooco 

•  0013 

.CC 

C2 

•  CCCO 

.OCCC 

.0000 

•  OCOO 

•  0000 

.0000 

.0000 

•  0000 

.0000 

.0000 

•  0000 

•  0000 

.0000 

-3C5.314 

e2»C2/C 

•  CCCO 

.OCOO 

•  OCOO 

•  0000 

•  OOCO 

.cooo 

.coco 

•  OCOO 

•  OOCO 

•  0000 

.0390 

.1037 

.0000 
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PC/P  P  PS1« 


J. CCC 

2, CCC 

3. CCC 

K. CCC 
ii.CCC 
6.CCC 
T.CCC 
e.ccc 
S.CCC 

ic.ccc 

1 1. CCC 

12. CCC 

n.ccc 

1X.CCC 

I1).ccc 

(6.CC0 

l?.ccc 

Ib.CCC 

H.CCC 

;c,ccc 

; 1.CCG 
/^.ICC 
<  i.CCC 

io.cco 

;*.ccc 

.CCC 

W.CCC 

J/'.CCC 

:s.ccc 

•c.ccc 

?>.ccc 

?i.CCO 

?}.CCC 

i<i.ccc 
'S.CCC 
'f.CCt 
?J.CCC 
J^.CCC 
JS.CCC 
•iC.CCC 
<•  uccc 
ti<  ,ccc 
■•.•.ccc 
x<<.CCC 
ISCCC 
«|«,CCC 
OT.CCC 

o«.ccc 
•  •9.CCC 
ic.ccc 
t.lih 


I.CCO 

i.ecii 

W.I34 

or.ii^c 
!4,3CS 
7).||23 
(It.«t7  I 
S7.<iCC 
X2.2C2 
)2  7. 

U2. 7CC 
l!«.!S7 
I7«.7f 2 

ici.tk  I 
22*1. \ti 
ikc.tis 
2*7,«7«l 
277. c;7 
2s«.li'i  I 
n«,24i> 

!*6.7hq 
*77. JC6 
*^e.c  14 
•iiii.eiis 
^?4.7«tS 
<i<c.e7b 
47  l.6C% 
SC2.&Ci 
123.240 
144. )  n 

1<4.77<i 
IPS. 22a 
«CS.7H 
«2«.  ICS 
e44.2cc 
«72.444 
<17.414 
722.721 
74  7  .  74  2 
772. sec 
716.42  7 
624. C<>! 
#44.ef 7 
<7l.e«4 
IC  1.440 
426. «14 
«6.C4« 


iccc.coc 

114.246 
102.432 
16.302 
37. 1C7 
27.214 
2I.0S7 
U.64r 
U.CJl 
n.psp 
1C. 211 
7.413 
7.662 
7.CC6 
6.3C1 
1.711 
‘.231 
4.616 

4.461 
4,  111 
2.676 
2.61C 
2.272 
2.162 
2.473 
;.p(.  2 
2.61c 
2.112 
2.366 
2.274 

i.in 

P.C7t 
I.44C 
I.<Jt  1 
1.636 
1.771 
I.  7C6 
1.61  I 
1.147 
1.14C 

1.461 
1.432 
l.!6« 
l.!»7 
1.244 
1.212 
1.212 
1.177 
1.  142 
I,  1C4 
I.C77 

14.646 


141710  6-F2-S2H6 

CeoPCKCiil  IBIP  POliNui* 

rti.  R 

eP2  t2«  0«P2 

6266  mo  B2*H6 

PROiCh 
C  11611 

TtOP  CVfhAlPf  CP  CAI/  I 
CPC  R  PC6L/tOOCO  GP  OCC 

3466.1  7.25  .192 

3136.6  -19.31  .181  IS. 

2121.7  -77.82  .166  27 

22C7.6  -41.44  .117  24> 

20IC.4  -ir6.34  .111  S|i 

IH72.3  -113.46  .146  32< 

1766.4  -119.64  .142  33 

1662.4  -124.26  .134  33i 

1612.6  -l<8.01  .136  34 

1113.3  -131.16  .133  34 

1102.0  -123.41  .130  31i 

1417.1  -126.24  .128  31 

1417.1  -130. 3V  .126  31 

1361.3  -140.77  .124  31< 

1346.4  -  141.47  .122  361 

1311.4  -  143.11  .121  36. 

1242.3  -144.91  .119  36 

1267.4  -146.21  .118  36 

1744.3  -  147. 4C  .117  36< 

1222.6  -U6.il  .111  361 

t2C2.r  -144.11  .114  36' 

lie’. 6  -lie. 12  .1  1  3  37< 

II6<..I  -111.42  .112  37 

IUS.4  -112.76  .111  37; 

1133.6  -113.04  .110  37 

1116.6  -113.61  .104  37< 

IU4.4  -  114.17  .104  27' 

1C4C.4  -111.26  .108  37< 

1C76.0  -1*1.41  .107  37. 

IC61.7  -116.14  .106  37 

1014.0  -111. '2  .101  37i 

IC42.7  -117. 7C  .101  37. 

IC3I.4  -118.24  .1C4  S7< 

lc:i.1  -1*6.77  .104  38. 

ion. 6  -114.27  .103  38< 

ICC2.C  -114.7*  .402  3o 

442.7  -160.21  .102  3P 

«.b!.6  -160.66  .101  36, 

471.2  -161.04  .lol  30. 

466.4  -161.11  .ICO  3P 

4le.6  -161.41  .100  36 

4*1.0  -162.3c  .444  34. 

4«.2.4  -U2.6r  .494  3-*l 

436.1  -163.04  .446  36< 

4<S.C  -16*. 46  .49P  38' 

4.^.  1  -  163.  74  .447  3P‘ 

411.4  .)64.C'’  .447  3Pi 

4C6.4  -164.40  .446  3M< 

VC2.1  -164.72  .446  301 

046.3  -161. C;  .491  30. 

0<.C.3  •  161.3*  .441  36 

1620. 0  -1*  7.01-  .136  34 


PC  ICCC  PSU  Pf  0.1  PS1« 

cphsiu  HfeAT  peRM  4t.  e/e 

cp/cc  (RCAL/peRR.Hr.  j 

1.13  *3.5  70.0 

C.441  *2.10  30.0 

CIPPRIIlh 
•  70%!. 0  Pt/5tC 

6PI  OPIVAC  CElVAC  i  SEA  1  Af  1  Af  I 
/P  LVL  ICOOO  1C000 


121.3 
47. S 

36.1 

33.3 

30.1 

27.7 

71.4 

24.1 
23. * 

22.4 

21.1 

20.8 
20.  I 
lv.1 
14. P 
16.1 
16.1 
17.7 

17.3 
17.0 
16.  7 

16.4 


U.4 

U.7 

U.1 

l4.4 

U.2 

u.o 


.214 

.460 

.660 

.646 


1.136 

1.712 

.472 


270.2  271.7 

313.3  315.4 

327.7  330. e 

334.6  336.6 

SSe.6  343.5 
34C.7  346.1 

341.6  340.4 
344.6 
31C.  I 


>.6ie 
■  .A14 
:.040 


.471 

>.646 

.414 


13.7  7.744 

13.6  7.44* 

13.4  «.131 

13.3  ♦■.•24 

15.2  6.‘.4( 

18.0  7-781 

12.4  4.016 
12. B  4.2*1 

12.7  4.4B7 

1/.6  4.722 

12.1  4.417 

12.4  U.u: 


2  73.4 
32C.1 

337.4 

347.6 

314.6 

360. 1 

364.2 

367.6 
S7C.4 

372.6 

3  74,4 

376.7 

376.4 

374.6 

381.2 

362.4 
3PS.1 

384.1 

381.4 

366.3 
367.  I 
^87.4 
38b. 6 

384.3 
39C.C 
34C.6 
341.  I 

341.7 

342.2 

342.7 

343.2 
343.6 

344.1 

344.5 

344.4 

341.3 

341.6 

346.  C 

346.3 

346.7 

347.  C 

347.5 

347.6 
•47.4 

346.2 

348.4 

346. 7 
344,0 

344.2 


3«C.3  363.8  366.7 


273.0 

JI9.3 

336.3 

346.2 

312.4 

317.8 

361.6 

364.6 
367.0 
•64.  I 

370.8 

372.2 
3  73.1 

374.5 

371.5 

376.3 
3  77  .  1 

377.7 
37P.  3 

378.8 
374.  4 

374. 6 

374.4 
3ec.2 

380.5 

380.7 

380.4 
381. C 
381.2 
Jel.l 

381.4 
381.1 
3f  1.1 

381.6 
}bl.7 
3Bi.r 


1.231 

l.i»32 

1.498 

1.129 

1.147 

1.117 

1.161 


1.249 
1.463 
1.142 
1.189 
1.621 
1 . 6<.  j 

1.680 

1.692 

1.703 

I.7U 

1.721 

1.729 

1.756 
1.742 
1.747 
1.712 

1.757 
1.761 
1.765 
1.769 
1.773 
1.776 
1.779 
1.782 
1 .  781 
1.787 
1.790 
1.792 
1.794 
1.797 
1.799 
1.801 

1.803 

1.804 
1.606 
1 .8oe 

1.809 

1.811 

1.813 

1.814 

1.815 
1.817 
1.8)8 
I.BI9 
1.821 
1.822 
1.828 

1.824 

1.825 
1.162  1.676 


I.CCC 
..CCC 
I.CCC 
4. CCC 
I.CCC 
6. CCC 
I.CCC 
8. CCC 
4. CCC 
IC.CCC 
I  I.CCC 

12. CC0 

13. CC0 

u.ccc 

II. CCC 

le.ccc 

17.  CCC 

18.  CCC 

u.ccc 

2C.CCC 

21.  CCC 

22. CCO 
:  3.CCC 
*4. CCC 
21. CCC 
*6. CCC 
27.CCO 
*8. CCC 
<4.CC0 
IC.CCC 
II.CCO 
a  .CCC 
•3. CCC 
34.CC0 
51. CCC 
Ic.ccc 
I7.CC0 

le.cco 

34.CC0 

■c.ccc 

il.CCO 

4/.CC0 

•!.cca 

I4.0CC 

15.CC0 

(C.CCC 

I7.CC0 

•c.ccc 

t9.0C0 

iC.cco 

4.5C2 


PC/P 

I.CCC 

1.7*6 

e.2ie 

14.66  1 

’i.ecc 

*4.647 
•7. <26 
41.6C4 
*.4.471 
65.416 
72.768 
62.461 
42.273 
<C2.24e 
112.744 
12  3.44  3 
134.431 
145. *32 
136.742 
Ue.C26 
174.348 
140.677 
2C1.461 
211. 23C 
2*4.433 

231.56  1 
246.627 
236.578 
271. !!2 
284.2*3 
247.234 
71C.332 
<23.561 
336. 847 
350. 145 
363.543 
3  7  7  . C2  7 
340.484 

4C3.452 
417.420 
430.877 
444.313 
437.718 
471. ce5 
484. 4C5 
447.673 
310.88  I 
524. C25 
337. 1C1 
350.  IC5 
363. C34 
68.046 


P  Pit* 

KCC.C-.C 
1«4,1«.  4 
l*»,C46 
67.284 
4l,B7J 
33. 67  ! 
26,741 
21.426 
16,317 
I*  .  714 
IJ,7i4 
12.126 
IC.PS7 
4.  78C 
p.e64 
6,C48 
7.4S4 
6.87  1 

6.  see 
3.911 
1.176 

3.244 

4.411 

4.684 

4.411 

4.241 

4.015 

3.867 

3.686 

!.lie 

3.364 
3.222 
».C41 
2.464 
2.816 
2.71C 
2.612 
2.161 
2.476 
2.396 
2.321 
2.211 
2.185 
2.123 
2.064 
2. COS 
1.457 
1.408 
1.862 
1.818 
1.776 
14.696 


J966.1 

»75r.l 

3111.6 
2846.0 

2751.4 

2643.1 

2557.4 

2467.4 

24.7.1 

2376.6 

2332.1 

2242.4 
2216.0 

2226.6 

2148.4 

2172.7 

2144. 1 

2127.4 
2tC7.2 

2C6e.4 

2C7C.8 

2C14,S 

2038.7 
2C24.0 
20IC.0 
I4V6.7 

1464.1 
1472.0 
I46C.4 

1944.3 

1438.6 
1428.  3 

1416.4 
14C8.4 

1844.7 
ie4C.8 
lDe2.2 

1873.8 

1865.7 

1857.4 
lflSO.2 

1842.8 

1835.6 

1828.6 

1821.7 
1815.0 
iece.5 
18C2.) 

1745.4 

1784.8 

1783.9 

2353.5 


7.21 
-  IB.6; 
-7-.8C 
-44. K 
-111.87 
•1*1.16 
•126.31 
•134.11 
-ii4.ee 
•143.16 
•146.76 
-144.47 
•112.83 
-I11.4C 
•117,74 
•154.88 
-lei. 83 
- 165.68 
-165.56 

-  166.47 

•  168.46 

-  164.96 
-in.i« 
-172.4! 
-173.61 
-174.74 
-171.82 
-176.84 
-177.8! 
-178.77 
-174.67 

-  lec.14 
-181.38 
-182.18 
-11,2.4* 
-163. 7C 
-164.4! 
-181.13 
-iei.ee 
-166.46 
-187. 1C 

-  167.71 
-188.31 

•  168. 4C 

-  184.46 
-190.01 
-140.55 
-141.07 
-191.19 

-  142.08 
-192.57 
'141.0! 


seirnxG  fiPAosies 
<  1UA  •  7234.2  »l/1tc 
CP  CAI/  I  OPt  CtlvAC  CdvAC 
>  CP  CCC  /P 

1.442 
1.432 
1.201 
1.092 
1.022 
.477 
.4*9 


liC.C 

274.1 
304.4 

322. C 

334.3 

343.4 

ilC.7 

316.7 

361.7 

366.1 

364.8 
37!. 2 

376.2 

378.9 

381.3 
38!. 6 

185.6 

387.5 

384.3 
391.0 

342.5 
344,0 

541.4 

346.7 

347.9 

549.1 
40C.2 

401.3 

402.3 
403.  3 

404.2 
405.  I 
406.0 

406.8 

407.6 

408.4 

409.1 

409.8 
4IC.5 

411.2 

411.8 

412.1 

413.1 
41!. 7 

414.3 

414.8 

413.4 

415.9 

416.4 

416.9 
364.0 


178. C 

16.2 

46.8 
42.0 
38.7 
36.4 

34.6 

13. 1 

31.9 

30.9 

»c.c 

24.3 

28.6 

28.0 

27.1 
27.0 

26.1 
26.  I 

21.7 

21.4 

25.1 

24.8 

24.1 

24.2 
24.0 

23.7 

75.1 

23.3 
23.  1 

22.4 

22.7 

22.1 
22.4 
22.2 
22.0 

21.9 

21.7 
21.6 
21.1 
21.3 
71.2 


.221 

.464 
.641 
.416 
1.110 
1.354 
1.376 

I. 8C1 
*.C27 
2.21C 
*.477 
2.701 
2.424 
!.157 

J. S41 
3.676 
3.661 

4.044 
4.326 
4.555 
4.781 
3.004 
1.223 

S. 436 
5.648 
5.855 
c.cec 
6.321 
6.563 
6.8C1 

7. C48 

T. 24C 
7.531 
7.772 

8. C12 
8.211 
8.488 
8.724 
8.458 
4.14C 
4.420 
4.64? 

21.0  4.873 

20.8  IC.C46 
20.7  K.3I6 
20.6  1C. 134 
20.5  1C. 750 
20.4  1C. 462 

20.3  11.172 
20.2  11.380 

31.4  2.137 


774.6 

323.1 
341.0 
31C.5 

316.1 
519.4 
362. ) 
363.3 
363.9 


271.8  277.7 
32*.  1  374.1 

3*4.1  310. C 

154.6  162,4 


372.8 

373.9 
374.4 
574.7 


364.0  373.4  341.7 


1  VAC  CP  3EA  CP  VAC 
Ul 

1.237  1.222 

1.439  1.464 

1.517  1.162 

1.554  1.614 

1.584  1.614 

1.601  1.609 

1.6)1  I.TI4 
1.616  1.734 

1.618  1.751 

1.766 
1 .778 
1.790 
1.800 
1.810 
1.818 
1.826 
1.833 
1.040 
1.846 
1.812 
1.017 
1.862 
1.867 
1.872 
1.076 
1.000 
1.884 
1.808 
1.892 
1.891 
1.699 
1.902 
1.905 
1.908 
1.911 
1.913 
1.916 
1.919 
1.921 
1.924 
1.926 
1.928 
1.930 
1.933* 
1.935 
1.937 
1.939 

1.941 

1.942 
1.944 

1.614  I.T18 


278. 1 
330.3 

351.2 
364. c 
373. C 

374.8 

385.3 

384.8 

343.7 
347.0 

344.9 

402.4 

404.8 

406. 4 
4C8.8 
4IC.5 
412.2 

413.7 

415.1 

416.4 

417.6 
418. p 

414.4 

420.4 

421.4 

422.8 

423.7 

424.6 

425.4 

426.2 

426.4 

427.6 

428.3 
424.0 

424.6 

430.2 

430.8 

431.4 
432. C 

432.5 
433.0 

433.6 
434.0 
434.5 
435.0 
435.4 
435.4 

436.3 

436.7 
•(ST.I 

345.4 


165- 


PRESSLREf  PSU 
TEPP,  CEG  K 
EMhALPt  (-) 

CP 

IPPLL  OPT 
IPPIL  VAC 
EPSILCN 


PPESSURE.  P<(A 
TEPP,  CEG  K 
EMPALPt  (-1 
X  8AR 
K 

CP 

IPPIL  OPT 
IPPLL  VAC 
EPSILCN 


132-6C  e 

e«F 

-IM3.CC  e«FfC 
-133. eu  P«F2 
-27c. CC  etF3 
lU.Tt  e*h 
-*47.13  E«»-*C 
-  135.32  e«F'«C2 
66. CC  P«F-2 
-ifS.cc  e#H2»a2 
U.CC  e«h3 
-238. 6C  B«F'3»03 
5.714  e«o 
-ei4.cc  p«c2 
'I11.6C  e2*C2 
-21C.1C  e2»C3 
-567.ee  e3*F?#C3 
18.86  F 
-64. 5C  Ftp 
-26. 1C  F*t-»C 
32. 4C  FiP 
.CC  F2 
52. 1C  F 
S.33  F#0 
•  OC  F2 
-57. 8C  »-2»C 
59.56  C 
.OC  C2 


SYSTEP  C-F2-62H6 


PRESSURE  PROFILE  CATA 

PC  ICCC  PSIA 


PE  0.  1  PSIA 


CCPPONFNT 

TREF  FORMULA 

CENS  1  TY 

HEAT  FORM 

WT.  < 

CEG  K 

GP/CC 

(KCAL/FORP.NT. 

) 

eF2 

128  0*F2 

1.5J 

♦  3.5 

74.0 

62H6 

100  e2«H6 

C.445 

♦  2.5C 

26.0 

BULK  CENSIT''  » 

.936  GP/CC 

PlXTlRt  RATIO  * 

2.646  L6  CXlCt/ER 

/  LB  OF  FUEL 

PRESSURE  PROFILE  CATA 
CHAHEER  EKTRCPV  327.11  EU/1CCGPS 


FROZEN  EXPANSION 


ICCO 

396.  1 

15U.5 

63.10 

25.  12 

14.70 

1C. CO 

3.98  1 

1.585 

.631 

.251 

,  *01. 

551  .0 

4296.4 

355C.e 

2925.4 

2401.7 

1963.6 

1742.5 

1597.5 

1292.2 

1038.8 

830.  1 

659.2 

52C.' 

3799., 

-7.14 

33.62 

67.25 

94.92 

117.59 

12P.81 

136.07 

151.08 

163.  IH 

1  72.88 

1HC.61 

!b6. 7: 

?U.  1  1 

.5510 

.542  1 

.5332 

.5230 

.5113 

.5037 

.49814 

.484  1 

.4709 

.4582 

.4460 

.‘♦395 

.•-454 

186.31 

254. uo 

297.98 

329.41 

343.91 

352.98 

371. Cl 

384.93 

395.74 

404.15 

^  .08 

155.  ^1. 

281. C9 

310.98 

337.64 

358. 74 

368.84 

375.25 

386.15 

398.21 

406.06 

4  12.17 

4  16. 

2  7'^  .38 

i.c5e 

1.620 

2.853 

5.299 

7.699 

10. 1C7 

19.537 

38.026 

74,236 

145.010 

282.951 

l.OC 

SHIFTING  EXPANSION 


ICCO 

398.  1 

158.5 

63.  10 

25.  12 

14. rc 

1C. CO 

3.961 

1.585 

.631 

.251 

.100 

.7C.2 

4296.4 

5873.4 

3498.7 

3159.6 

2844.4 

2668.  1 

2544.4 

atb.u 

2040.2 

1855. 3 

1695.3 

1545.8 

’31.9 

-7.14 

34.8  7 

71.93 

104.72 

133.75 

149.08 

159.4  1 

161.99 

201.90 

219.61 

235.50 

249.78 

*  .  ^ 

5.692 

5.559 

5.439 

5.332 

5.242 

5.197 

5.  167 

5.097 

5.016 

4.934 

9.652 

4.7BI 

5..*  .9 

5.692 

5.559 

5.439 

5.332 

5.242 

5.197 

5.167 

5.097 

5.018 

4.934 

9.B52 

4.761 

5.t'  9 

1.6549 

1.57C5 

1.4518 

I.3C19 

1.1280 

1.0358 

.9877 

1.0073 

1.1847 

1.2995 

1.2673 

1.10S4 

1.60: 2 

191.18 

262.28 

311.95 

350.11 

368.65 

38C.65 

1105.63 

426.44 

444.15 

959.95 

472.77 

151.  15 

288.55 

325.00 

356.65 

366.92 

401.17 

410.51 

1.30.77 

447.20 

461.97 

979.93 

486.29 

280*50 

1.078 

1.744 

3.262 

6.460 

9.752 

13.161 

77.265 

57.725 

124.465 

271.613 

595.690 

1.00c 

COPPCSITICN  SHIFTING  IPCl/lCC  CP) 


,CCC9 

.OCC! 

.ccci 

•  0000 

•  OOCO 

•  0000 

.coco 

.ooco 

•  OOCO 

.OOCC 

.COCO 

•  0000 

.0005 

.697? 

•  6556 

.6180 

.5850 

.5493 

.5294 

.5138 

.4657 

.3950 

.3148 

.2354 

•  1653 

.6713 

.8380 

.9448 

1.0450 

1 . 1368 

1.2169 

1.2564 

1.2806 

1.3216 

1.3418 

1.3514 

1.3562 

1.S5b2 

.9038 

.0323 

.023  7 

.0177 

.0137 

•  0111 

•  0102 

.0096 

•coew 

•  0064 

.0042 

•  0025 

.0011 

.0267 

.CC44 

.CC45 

.0C49 

•  0065 

.0099 

•  C147 

.0207 

.0550 

•  1  164 

.  1956 

.2748 

•  3451 

•  0044 

•  CCCl 

.ooco 

.ocoo 

.0000 

.ooco 

•  0000 

•  CCCO 

•ooco 

•  OOCO 

•  0000 

•  COOO 

•  COOO 

.0000 

.  1221 

.1C73 

.0900 

•  0707 

.05CB 

.0397 

.0325 

.0191 

.0117 

.0079 

.0057 

.0044 

•  1133 

.  0375 

.0375 

.0346 

•  0291 

•  0216 

.0170 

.0139 

.0080 

.0051 

.0037 

.0030 

•  0027 

•  0378 

.CCC3 

.OCC  1 

.OCC  1 

•  OCOO 

•  OOCC 

.0000 

.0000 

•  COCO 

•  OOCC 

•  OOCC 

•  COOO 

•  0000 

.0002 

.CCCC 

.occe 

.0000 

•  0000 

.0000 

.0000 

•cooo 

.ooco 

•  OOCO 

•  OOCO 

.0000 

.0000 

•  0000 

•  CCCO 

.occe 

.0000 

.0000 

•  OOCO 

•coco 

•  COCO 

.0000 

•  0000 

•  COOO 

•  0000 

•  0000 

.0000 

.ccco 

.CCCC 

.0000 

•  0000 

•  OOCO 

.0000 

.0000 

•ocoo 

•  COCO 

•  OCCO 

•  OOCO 

•  0000 

•  0000 

.  1238 

.0868 

.0546 

•  0  300 

.0134 

•  0074 

.0046 

•  0012 

•  00C3 

•  OOGl 

.0000 

•  0000 

•  1008 

.C142 

.0108 

.0072 

.0040 

.0018 

.0010 

.0006 

.0001 

•  0000 

•  OOCO 

•  0000 

.0000 

•  0122 

.cc2e 

.0C24 

.0020 

•  0014 

.00C9 

.cccr 

.0005 

•  0002 

•  0001 

.0001 

•  0001 

.0001 

.0026 

•  ccoe 

•  occe 

.0009 

•  0008 

•  00C6 

•ocos 

.0004 

.0003 

.0002 

•  C002 

.0002 

.0003 

•  0008 

•  ccco 

•  oocc 

.OCCO 

.OOOU 

•  OOCO 

•  0000 

.0000 

•  0000 

•  COCO 

•  0000 

•  cooo 

•  0002 

•  OOOU 

.C228 

.0106 

•  0046 

.0017 

•  OOCS 

•  0002 

.0001 

.0000 

•  OOCO 

•  0000 

•  0000 

•  COOO 

.0147 

.  1C49 

1.0687 

1.0226 

.9729 

•  9219 

.8903 
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PKESSUHE  PROFILE  CPTA 

SYSTEM  e-E2-e2H6  PC  1000  PSU  PE  0.1  PSU 
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SHIFTING  EXPANSION 
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CONPCSITION  Sh.FTINn  (NOC/ICC  GN I 
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24.7 

(.166 

622.7 

*55.3 

1.906 

36.CCC 

269.432 

6. CO  1 

296*. 6 

•166.04 

.44$ 

600.6 

2$.$ 

6.575 

*33.5 

*96.1 

1.900 

34.0CO 

261.670 

*.835 

29$l.} 

-18$. 43 

609.7 

34.5 

6.612 

*35.7 

63S.C 

1.912 

3C.OCO 

275.310 

3.899 

2$3«.8 

-186.93 

6ic.e 

2$.t 

(.0$$ 

*3*. 2 

654.4 

1.916 

si.Gce 

2CS.370 

3.$0S 

2$3*.6 

•187.09 

611.0 

26.9 

7.048 

*2*. 6 

*56.7 

1.919 

33.CCO 

247.339 

3.S65 

2416.4 

-180.62 

612.0 

26.7 

7.362 

•  2$«C 

*57.$ 

1.925 

33.CCO 

309.642 

3.33  1 

3403.6 

•164.71 

615.7 

26.$ 

7. $86 

*3$. 3 

*58.3 

1.926 

S6.0CO 

321.73* 

3.100 

2692.6 

-140.97 

616.6 

26.5 

7.030 

*35.6 

*54.0 

1.929 

39. COO 

336.028 

2.4411 

3663. 0 

•141. 6C 

61$. $ 

26.2 

(.075 

*3$. 9 

*34.7 

1.952 

36.GCC 

360.360 

3.607 

2671.6 

-IV2.2C 

61*. 5 

26.0 

(.316 

*26.2 

*60.3 

1.95$ 

•7. COO 

350.74$ 

2.7B7 

266  1.6 

-142.98 

617.1 

25.9 

(.$$0 

*20.6 

661.0 

1.950 

38.GCO 

571.339 

2.696 

26$l.4 

•145.73 

617.4 

25.7 

(.794 

*26.6 

661.6 

1.961 

34.000 

385.710 

3.60* 

3662.9 

•146.66 

610.7 

25.6 

4.C54 

*20.0 

662.3 

1.966 

Afl.CCC 

346.140 

2.526 

3653.3 

-14$.  17 

619.6 

25.6 

4,270 

*27.0 

662.1 

1.966 

6I.CCQ 

6C0.696 

3.667 

3626.6 

-14$. 08 

620.1 

25.5 

9.51$ 

*27.2 

661.6 

1.969 

63.000 

631.169 

3.376 

261$. 7 

-I4*.$3 

620.0 

23.1 

4.7$0 

*27.5 

666.0 

l.9$l 

6S.OCO 

635.67$ 

3.10* 

3607. 3 

-147.17 

62i;$ 

23.0 

4.486 

*27.$ 

666.9 

l.9$6 

66.0CC 

666.16$ 

2.26  I 

3399.0 

-147.01 

622.3 

22.9 

U.2I6 

627.6 

66$.  1 

1.940 

6$.CCC 

650.941 

2.101 

3590. 4 

-140.62 

622.0 

22.0 

IG.66* 

627.7 

66$. 6 

1.940 

66.0CO 

671. CC7 

2.125 

3503.1 

-149.02 

625.6 

22.7 

1C.676 

627.9 

*66.1 

1.9*0 

67.0CO 

663.367 

2.009 

3375.6 

-149. *C 

636.0 

22.$ 

IC.400 

620.0 

666. S 

1.9*3 

Ai.ecc 

64$. 72$ 

2.017 

23*7.4 

•200.  17 

626.6 

22.6 

11.126 

620.0 

667.0 

l.9*$ 

64.CC0 

SC6.CI7 

1.4*0  35*0.6 

-200.73 

629.2 

22.5 

11.56$ 

610.1 

667.$ 

1.967 

$O.CCO 

$20,397 

1.422 

2593.$ 

-201.27 

629.T 

22.2 

11.566 

610.2 

667,9 

1.9*9 

1.430 

(0.C66 

16.69* 

3494.$ 

•ISO. 96 

1.2$* 

57C.r 

35.2 

3.249 

STO.7 

58C.0 

600.1 

606. C 

1.629 

1.77$ 

PAESSU0C  PROFILE  CAfI 

SYSTEM  C-F2-e2H6  PC  lOCC  PSU  PE  0.1  PSU 


CGPPONENT 

TREF 

FORPULA 

OENSfTV 

HEAT  PORP 

UT.  1 

CEG 

K 

GP/CC 

(KCAL/FORP.hT* 

) 

0F2 

128 

0«F2 

1.53 

♦i.S 

ex.o 

62^6 

leo 

62*H6 

♦  2.S0 

16.0 

eULK  OENSIIY  «  1.101  Cn/CC 

PlxrcRE  PATIO  ■  S«2S0  LB  OXIDIZEP  /  LB  OF  FtEL 


PPESSUPE  profile  CATA 
CHAPEER  ENTROPY  266*90  EU/ICCCPS 


CHAPBER 

THROAT 

760266 

EXPANSICN 

PRESSLREf 

PSIA 

(COO 

346.1 

ISti.S 

63.10 

23.(2 

16.70 

1C. CO 

3.481 

1.383 

.631 

.231 

.100 

331.6 

TEPP,  CEG 

K 

kSlt.l 

3466.1 

I2N9.N 

2660. 3 

2(37.7 

(886.6 

1722.3 

1380.6 

1049.6 

870.2 

686.8 

333.8 

6282.  1 

ENTHALPY  1 

1-) 

-4.«0 

32.23 

64.20 

40.21 

(l(.30 

(21.67 

(26.33 

162.06 

132.44 

161.68 

168.36 

175.42 

14.30 

CP 

.6363 

•  420S 

.6233 

.6(32 

.6047 

.6033 

.346  4 

.3861 

.3763 

.3636 

.3576 

.6386 

IPPLL  OPT 

166.3' 

248.68 

240.63 

320.63 

336.62 

363.00 

354.93 

372.46 

382.46 

340.66 

346.61 

130.96 

IPPLL  VAC 

276.43 

305.56 

328.66 

368.55 

338.03 

366.01 

375.94 

383.27 

342.63 

347.94 

602.26 

269.66 

EPSILCN 

(.033 

1.602 

2.744 

5.(54 

7.660 

4.761 

18.723 

36.(33 

7C.003 

133.638 

262.390 

I.OOC 

SHIfTIKC  666663106 

PRESSLHEt 

PSIA 

(COO 

396.1 

lSb.5 

63.10 

23.(2 

(6.70 

(C.OO 

3.481 

1.363 

.631 

.231 

.100 

373. 1 

TEPPi  CEG 

X 

neTO.T 

6662.4 

4C99.0 

3773.1 

3677.3 

33(7.3 

3206.8 

2433.9 

2717.2 

2674.1 

2226.3 

1462.7 

6610.8 

ENTHALPY  1 

1-1 

33.66 

70.13 

102.34 

(3(.64 

167.23 

(37.86 

181.36 

202.33 

221.36 

238.67 

233.31 

18.30 

X  CAR 

•i.em 

6.7CC 

4,569 

6.666 

6.33( 

6.267 

6.223 

6.123 

6.036 

3.459 

3.4C<- 

3.876 

6. 755 

N 

t.em 

6.700 

4.569 

6.666 

6.33( 

6.267 

6.225 

6.123 

6.036 

3.434 

3.40  > 

3.876 

6.753 

CP 

2.1746 

2. (631 

2.0636 

1.4716 

1.6383 

(.7363 

1.6878 

1.697  1 

1.26  74 

.9685 

.669> 

.6963 

2.176.’ 

IPPLL  CPf 

168.26 

258.84 

308.61 

367.21 

366.(8 

378.36 

606.68 

626.63 

663.78 

662.01 

675.77 

168.03 

IPPLL  VAC 

266.36 

32<440 

333.61 

386.72 

344.60 

604.69 

630.72 

669. C3 

666.81 

678.26 

689.63 

776.3* 

EPSILCN 

1.061 

1.763 

3.328 

6.670 

(0.(60 

13.8(7 

29.217 

62.574 

136.770 

289.068 

610.486 

1.000 

COPPOSITION  SHIFTING  IPOL/100  CP) 


132. 6C 

e 

•  CCOL 

•  OC01 

•  ocoo 

•  0000 

•OOCO 

•cooo 

•COOO 

•  OOOO 

•  OOCO 

•  OOCO 

•  OOOO 

.OOOO 

.0002 

-65.67 

B«F 

.2  336 

.1756 

.U39 

.0613 

•  0495 

•  0358 

•  0260 

•  0150 

•  0077 

•  0037 

•  0016 

.0005 

.1979 

•163. CC 

e«F«c 

•  7936 

•  8312 

.9C56 

•  96*14 

1.0061 

1.0231 

U0324 

1.0471 

1.0556 

1.0625 

1.0697 

1.0780 

.7980 

-133.86 

e«F3 

.C316 

•  02C9 

.0121 

•  0C64 

.0032 

•  0021 

•0015 

•  0007 

.0003 

.0001 

•  0001 

.0000 

.0258 

-270. CC 

e«FJ 

.CCT7 

•  0C6C 

•  OCAN 

•  0031 

.0021 

•  0017 

•  0014 

•  0010 

•cocb 

•  0006 

•  0011 

.0026 

.006  7 

116.76 

e«H 

•  CCCO 

•  CCCO 

•  OCOO 

•  OCOO 

•  0000 

•  0000 

•OOOO 

•OOOO 

•ooco 

•oocc 

•  OOCO 

.0000 

.0000 

-67.13 

C»H»C 

.C173 

•  0139 

•  0111 

•0087 

•  0066 

•  0056 

•  0049 

•  0034 

.0022 

•  001% 

•  0007 

.0003 

.0152 

-135.32 

e«H«r2 

•  Clue 

•  0172 

•  02CS 

•  0246 

.03C6 

•0346 

•0382 

•0471 

.0566 

•  0653 

.0714 

.0783 

.0(62 

66. CC 

•  ccoo 

•  ooco 

•  OCOO 

•oooc 

•0000 

•  OOCO 

•  OOOO 

•  OOCO 

•  OOCO 

•  CCOO 

•  OOOO 

.0000 

.0000 

-65. CC 

e«H2«02 

•  CCCO 

•cccc 

•ocoo 

•  OCOO 

•  OOCO 

•  0000 

•  OOOO 

•  OOCO 

•  OOCO 

•  COOO 

•  OOCO 

.0000 

.0000 

le.cc 

e«Hj 

•cccc 

•ooco 

•ocoo 

•  OOOO 

•OOCO 

•0000 

•  OOCO 

•  OOOO 

•  OOCO 

•  ooco 

•  OOOO 

.0000 

.0000 

-238. 6C 

e«H3«03 

•  CCCO 

•  ooco 

•  0000 

•  0000 

•  OOCO 

•  0000 

•OOOO 

•  OOOO 

•  OOOO 

•  OOOO 

•  OOOO 

.0000 

.0000 

5.76 

e*c 

.C773 

•  0612 

•  096*1 

•  0332 

•  0221 

•0168 

•  0135 

•  0075 

.0036 

.001% 

.0003 

.0000 

.0675 

-86. CC 

e*c2 

•  C263 

•  0267 

•  0310 

•  0331 

.0346 

•  0349 

•  034B 

•  0327 

•  0276 

•  0191 

•  0094 

.0026 

.0278 

-111.6C 

e2«C2 

•  CCC3 

•  0002 

•  0C01 

.0001 

•OOC1 

•0001 

•  OOCO 

•  OOOO 

•OOOO 

•  OOOC 

•  OOOO 

.0000 

.0002 

-210. 1C 

e2«C3 

.CCC2 

•  0002 

•  0G03 

•  0003 

.OOC4 

•  0004 

•  0005 

•0005 

•  0006 

•  0007 

•  0007 

.0007 

.0002 

■567. CC 

e3*P3»C> 

.CCOO 

•  OOCO 

•  OCOO 

•  0000 

•  OOCO 

•  0000 

•OOOO 

•  OOOO 

.0000 

•  OOOO 

•  OOOO 

.0000 

.0000 

18.86 

F 

•  2763 

.1956 

.1313 

•  0623 

•0461 

•  0339 

•  0259 

•  0127 

•  0054 

•  0018 

•  OOC4 

.0000 

.2258 

-66. 5C 

F«H 

1.7669 

1.8967 

1*9129 

1.9608 

1,9947 

2.0090 

2.0173 

2,0317 

2.0393 

2.040% 

2.0361 

2.0286 

1.8185 

-26. 1C 

F«H«C 

•  CCOO 

•  OOCO 

•  OCOO 

.0000 

•  OOCO 

•OOOO 

•  OOOO 

•OOOO 

•  OOOO 

•  OOOO 

•  OOOO 

.0000 

.0000 

32. 6C 

F»C 

.CCOI 

•  OOCO 

•ocoo 

•0000 

•  OOCO 

•coco 

•  OOOO 

•  OOOO 

•  OOOO 

•  OOOO 

•  OOOO 

.0000 

.0000 

.CC 

F2 

.CCOO 

•  CCCO 

•  OCOO 

•ocoo 

•OOCO 

•OOOO 

•  OOCO 

•  OOOO 

.0000 

•  OOOO 

•  OOOO 

.OOOO 

.0000 

32. 1C 

H 

.7715 

•Tcse 

•  636% 

•  5604 

•4763 

•  4244 

•  3663 

•  2945 

•  2057 

.12%1 

•  0563 

.0153 

.7320 

9.33 

H»C 

•  1926 

•  1666 

•  t%7S 

.1280 

•  1090 

•  0976 

•  0890 

•0674 

•  0446 

•  0233 

•  0078 

.0013 

.1779 

.OC 

H2 

•  2709 

•  2667 

•  2715 

•2782 

•2872 

•  2926 

•  2962 

.3037 

•  3104 

•  3203 

•  3358 

.3897 

.2691 

-57. 8C 

H2«0 

•  0811 

•  0676 

•  0980 

•  1142 

•  1378 

•  1553 

•  1696 

•  2079 

•  2490 

•  2861 

•  3116 

.3280 

.0887 

54.36 

C 

•  2921 

•  2392 

•  1897 

•  1440 

•  1031 

•  0818 

•  0676 

•0392 

•  0163 

•  0058 

•  0009 

.0000 

.2598 

.CC 

C2 

.C339 

•  0303 

•  0267 

•  0233 

•  0196 

•  0175 

•  0155 

•0109 

•  0060 

•  0021 

•  0003 

.0000 

.0317 

•170- 


svsiii*  K  loec  m(«  pi  c.i  »si* 

cei*reMt«r  tur  foitm*  ctositv  ka*  farm  ri.  e/e 

CCr.  R  CM/CL  (ftCAL/FORM.Itt.l 

OF2  I2e  e*r7  i.^i  eit.o 

lau  (»2«h6  o.a«i  «2.$e  u.o 

FRSfCR  (■/•MStflR 


SU8  ■ 

6927.6 

f f/$iC 

EFSIICM 

«/F 

P  FSl* 

TCRF 

ERtMAlFV 

CM  C8L/  1  OMI 

0EI.V8C 

tElVAC 

<  3E6 

1  *1 

1  61 

1  VAC 

CF  SE6 

CM  VAC 

CEC  (  ICRI/IOOCM  CM  CIC 

IP 

LVl 

lOCOO 

$0000 

LVL 

I.CCG 

ICOC.COl 

9676.7 

6.89 

.993 

1.CCC 

i.eib 

331,906 

9383.1 

•14. 2C 

.929 

13C.4 

118.7 

.213 

266.3 

267. S 

264.3 

269.7 

1.238 

1.232 

2.CC0 

I0.C&3 

99.977 

297C.0 

•76. 3C 

.928 

264.6 

93.2 

.636 

108. 1 

SIC.1 

su.o 

319.$ 

l.bSI 

1.462 

3.CCC 

w.eei 

36.173 

3376.1 

-42.93 

.92? 

349.7 

$6.3 

.630 

321.7 

$24.6 

$10.2 

S$l.} 

1.949 

1.319 

R.OCO 

<fl.07b 

S3.62C 

233C.6 

•IC9.26 

.9  19 

$09.6 

$1.9 

.882 

$28.1 

$12.0 

S]«.6 

191.1 

1.329 

1.384 

S.CCC 

*a.3.'2 

36,136 

2UC.9 

•110.16 

.916 

$19.9 

26.1 

1.082 

$$i.a 

$36.6 

$9$. 8 

397.7 

1.391 

1.«13 

A.CCC 

b9.R>) 

3c.C6e 

2t3C.7 

-113.72 

.91$ 

$26.6 

26.0 

1.296 

$$$.6 

$34. $ 

$30.9 

$32.6 

1.394 

1.658 

?.CCO 

«3.3C8 

16.073 

1437.9 

•  1 19.98 

.911 

$$2.2 

29.$ 

I.31C 

i$9.i 

$41. C 

$3$. 4 

$36.3 

1.338 

1.636 

e.ccc 

?a.3n 

13.278 

1692.9 

•123.97 

.909 

$$6.e 

22.9 

1.729 

$41.9 

$36.  r 

$39.7 

1.670 

4.CCG 

11.312 

1  770.9 

•  136. 9C 

.907 

$9C.S 

21.8 

1.99C 

$42.9 

$39.0 

$62.$ 

1.683 

K.ecc 

ICj.SfR 

9,639 

irce.9 

•I36.93 

.9C3 

$9!.  7 

20.8 

2.135 

$60.8 

$69.3 

1.69S 

il.cci: 

1  l9.Cb9 

F.9CC 

1639.1 

•til. II 

.90$ 

$96.3 

20.0 

2.378 

$62.9 

166.3 

1.702 

12.CCC 

lis.  i:« 

7,399 

16C6.0 

•1*3.03 

.90? 

$6E.9 

19.3 

2.60$ 

3(3.7 

$68.2 

1.710 

IS.CCC 

l!t.779 

(.389 

IS62.0 

•139. 78 

.901 

331. 1 

18.6 

3.827 

3(9.9 

$69.7 

1.717 

IN.CCC 

IFe.79C 

*.935 

1329.1 

•126.12 

.9oO 

$32.0 

18.1 

5.099 

3(3.8 

371.1 

1.723 

IS.CCC 

1(6. ce« 

3.  W9 

19(8,8 

•1*7.79 

.  $96 

$39.7 

17.6 

5.267 

$66.7 

$72.! 

1.729 

l«.CCC 

203. 5C« 

9.919 

|9«t.9 

•124.0* 

.  $47 

136.  $ 

17.1 

i.98i 

1(7.3 

$73.9 

1.754 

I7,CCC 

321. eie 

9.323 

1926.6 

-190.21 

.i46 

137.7 

16.7 

5.688 

$66.  1 

179.9 

l.7$4 

le.ccc 

228. S3e 

9.192 

1393.1 

•  191. 1C 

.  $46 

$39.  t 

16. $ 

*.890 

$(6.7 

$73. 9 

1.745 

19. etc 

3!«.7C3 

2.(96 

1372.9 

•  t<.2.n 

.  143 

$6C.S 

16.0 

9.C93 

$69.2 

$76.2 

1.747 

;o.ccc 

37b. 426 

2.61  1 

1  394.3 

•U1.?6 

.  $49 

$61.9 

13.6 

9.327 

$69.7 

JT7.C 

1.731 

21. etc 

297. e.M 

i.  16C 

1927.0 

•  199.19 

.  $9$ 

162.3 

13. $ 

4.339 

$70.0 

$77.6 

1.733 

32. etc 

218.7211 

2.12  7 

I9C6.0 

•  199. 

.  $4? 

$6$. 3 

13.0 

9.792 

370.3 

378.3 

1.738 

<i.ccc 

2bC.  179 

2.99C 

13(6.1 

•I9S.75 

.  $91 

$69.9 

l9.8 

5.02$ 

$70.6 

$T9.2 

1.761 

SR.eec 

SCI. 911 

2.762 

1267.9 

-  196. 9e 

.  $41 

$63.  $ 

19.3 

3.236 

$70.8 

379.6 

1.764 

2S.eco 

283.172 

2.(03 

1393.6 

•197.17 

.  $40 

$66.  1 

16. $ 

3.982 

in.o 

380.9 

1.767 

2A.CCC 

bC«.CC7 

2.962 

122?. e 

-197.82 

.  $64 

$66.9 

>9.1 

3.708 

$71.2 

380.9 

1.769 

;7.cec 

■28.2<b 

3.335 

1316.8 

• I9H.95 

.  $H4 

$67.6 

ti.8 

5.931 

371.3 

361.3 

1.772 

/e.i:cc 

b*G.S99 

3.719 

I3(.  1.6 

•  199.09 

.  16( 

16(.3 

li.6 

6.130 

$71.3 

$B2.C 

1.774 

34. :cc 

972.9*3 

3.IU 

tli-7.1 

• I94.9L 

.  $88 

$69. C 

11.3 

6. $66 

$71.6 

$82.9 

1.776 

2C.ceo 

993.394 

2.CI9 

1  112.2 

•130.19 

.  $67 

$69.6 

l$.$ 

6.37fl 

$71.7 

$62.9 

1.778 

1I.CCG 

317, 6C1 

1.92? 

1 153.9 

- I3r.6( 

.  $6? 

$70.2 

l$.l 

6.763 

$71.7 

$8S.$ 

1.780 

!2.cec 

329.629 

1.(37 

1  197.? 

-131.15 

.  $66 

$7C.0 

12.9 

6.986 

$71.8 

$83.7 

1.782 

si.cce 

3t1.9(3 

1.779 

1  129.9 

-131. 6i 

.  $66 

$71.  ? 

12.8 

7.167 

171.9 

$8*.  1 

1.789 

!«.cca 

*F2.Sf  1 

1.71? 

1 122.? 

-132.07 

.$83 

$71.9 

12.6 

7.381 

171.9 

$89.3 

1.786 

*s.cca 

«c3.e7e 

1.63C 

1111.9 

-  133.31 

.$63 

$72.9 

12.3 

1.371 

i8«.9 

1.788 

ie.ccc 

«27.e«b 

1.392 

lUt.O 

•  132.9; 

•  $119 

$72.9 

12.6 

7.736 

$63.2 

1.789 

jr.ccc 

«*2.7«l 

1.32? 

1C9I..3 

-13$. H 

.$89 

$72.  $ 

12.2 

7.979 

183.6 

1.74) 

•e.ccc 

«7e.ee2 

1.972 

1C(C.9 

•132.7? 

.$81 

$72.8 

13.1 

M.2IC 

$93.9 

1.742 

M.cce 

7C3.I«C 

t.9l( 

IC7e.6 

-  139, C3 

.$H$ 

$79.2 

•  2.0 

8.962 

$86.2 

1.749 

kO.CCC 

731. b(« 

1.266 

tC6t.i 

•  139.95 

.  $e1 

$79.6 

11.9 

8.679 

$86.3 

1.743 

mcce 

7*8. 7‘3 

1.218 

t(.37.0 

•  139. *C 

.$8? 

$73.  1 

11.7 

6.903 

$86.6 

1.746 

43.CCC 

763.999 

l,?7? 

tC9i. 1 

•133.19 

.  16? 

$73.9 

n.6 

9.157 

$87.1 

1.748 

«i.ecc 

812.267 

I.??9 

ICJii.5 

•  133.97 

.  $8l 

$73.6 

11.3 

9. $68 

$67.$ 

1.744 

•lb. etc 

691. Cb7 

1.189 

1026. I 

•  133.79 

.$81 

17e.? 

n.6 

9.399 

$87.6 

l.MOO 

bS.CCC 

F<e.9t9 

1.131 

1018. 1 

•  136. IC 

.  $61 

$76.6 

n.$ 

9.6i0 

$87.9 

1.801 

be.cee 

696.933 

1.113 

10l<.2 

•  136. 9C 

.  $80 

$76.4 

n.2 

U.039 

368.1 

1.80$ 

br.cec 

923.  163 

1.C81 

IOC?. 6 

-I3t.4< 

.$60 

$71.2 

n.i 

1C. 268 

386.9 

I.A04 

bC.CCC 

9*2.321 

1.C99 

995.1 

•  136.97 

•  $80 

$77.6 

n.o 

1C. 316 

381.6 

1.803 

bb.CCC 

9(3. CC3 

I.CI8 

9(7.9 

•137.79 

•  $76 

$77.9 

10.9 

1C. 762 

$88.6 

1.806 

»c,ccc 

1C1C.399 

,99C 

9eC.9 

•  137.51 

.  $79 

$78.2 

10.9 

IC.967 

569.0 

1.807 

F.b«C 

68.C96 

19.646 

l((6.» 

•  12  1.67 

.910 

$$9.9 

2$. 6 

I.6C6 

$$9.9 

$91.3 

$33.1 

$38.0 

1.33$ 

1.665 

341ft  INC  ElM«N$jeK 

C 

S16R  • 

72CI.6 

7173IC 

8  F3UC6 

•  C/F 

•  (51* 

tiP* 

(K7^6l8* 

CM  C*L/  1  OMl 

CCIV6C 

CELVAC 

1  3t* 

1  67 

1  67 

1  VAC 

CF  SEA 

CF  VAC 

CfC  •  <>C*C/IC0C4 

CM  b(C 

IP 

LVi 

ICCOO 

30000 

IVl 

I.CCC 

ICCC.CCC 

96r(.7 

(.69 

2.  180 

1.CC0 

1.793 

i7i.l07 

9619.9 

-  18. }C 

2,  17( 

198.0 

124.5 

.229 

273.0 

779.0 

273.4 

216.3 

1.239 

1.220 

2.oec 

7.987 

125.197 

9029. 3 

-77. 56 

2.062 

271.6 

37.6 

.960 

327.9 

524.3 

$21.4 

$74.7 

1.990 

1.411 

3.CCC 

t9.«($ 

(9.192 

5819.1 

-98. OC 

1.490 

502.4 

48.5 

.644 

540.3 

59*. 6 

$94.6 

$30.8 

).3?l 

1.3*7 

9.CCC 

<0.  M6 

96.27? 

3«89.F 

•110.8$ 

1.4$7 

$2C.1 

45.4 

.910 

530.6 

539.7 

$17.3 

$64. C 

1.361 

1.626 

3.CCC 

;8.  IC  7 

$*.376 

$399. 1 

•170.27 

1.899 

$52.7 

40.8 

1.197 

5!.6.6 

36  1./ 

$71.3 

113.3 

1.341 

1.6(8 

e.ccc 

23.2!C 

28. $85 

$319. « 

-127. 3F 

1.439 

342. 1 

$4.6 

l.$6) 

360.7 

566.1 

378.9 

sec.i 

I.6II 

1,701 

7. etc 

92.927 

23,37C 

$938.3 

•131.33 

1.429 

$94.3 

37. C 

1.369 

$($.3 

17C.9 

383. e 

$86.3 

1.629 

1.727 

8.CCC 

50.9*6 

I9.82C 

59C(.8 

-  1 $«.96 

1.80$ 

135.7 

13.6 

1.747 

$63.0 

172.4 

$88.5 

341.9 

1 .630 

1.748 

9.0CC 

58.3(6 

17,073 

$$(2.2 

-  192.9C 

1.779 

$61.0 

14.3 

2.021 

563.4 

$74.7 

$42.0 

343.3 

1.659 

1.767 

lO.GCC 

66.7$9 

19.963 

33*!. 1 

•  196. (( 

1.  738 

563.3 

5$. 6 

2.234 

566.2 

$76.1 

$43.5 

344. 1 

1 .636 

1.783 

M.CCG 

73.278 

I5.369 

$2(6.2 

•  130.06 

1.7$6 

364.3 

$2.7 

2.963 

576.4 

!4e.o 

907.2 

1.T87 

12.CCC 

($.498 

11.90! 

333(.8 

•13$. C( 

1.TI9 

175.0 

$2.0 

2.640 

.177. « 

9C0.3 

903. C 

1.4)0 

IJ.CCO 

92.792 

1C, 777 

$229.$ 

-133.79 

1.701 

$76.7 

$1.4 

S.4)5 

577,7 

9C2.6 

901.6 

1.821 

I9.CCC 

ICI.(9C 

9. *59 

3202.2 

-  138.28 

1.443 

$74.  1 

$0.4 

>.153 

*09, S 

9C4.4 

1.831 

ts.ccc 

1I1.C29 

S.CC7 

3178.1 

•  140.38 

1.649 

$81.7 

$0.5 

*.•66 

•  06.5 

912.0 

1.84) 

K.GCO 

120.330 

8.293 

3135. f 

-  142.(9 

1.639 

389.  1 

24.8 

$.348 

9C7.B 

915.4 

1.848 

17.GC0 

lie. 222 

7.(74 

3133.0 

•  149.(6 

1.639 

$86.  3 

24.4 

3.851 

904.2 

913.1 

1.857 

I6.0CC 

I9C.CI3 

7.193 

3115.6 

•166. 3C 

1.626 

$88.4 

24.0 

9.C69 

*10.3 

9)1.9 

1.8*3 

14.CCC 

199. 9C2 

(.671 

5097.$ 

-148.22 

1.612 

34C.3 

28.7 

9.247 

911.8 

9t4.C 

1.872 

2C.CC0 

159.833 

(.236 

$0(0. 1 

•  1(9.69 

1.399 

542.  1 

28.5 

9.324 

912.7 

920.9 

1.878 

31.000 

169.69V 

3. *86 

$o(j.e 

•171.  $6 

1.387 

$95.8 

28.0 

9.734 

915.7 

921.8 

1.884 

22.CC0 

179.6(1 

3.36C 

$09«.9 

•172.91 

1.373 

$43.4 

27.7 

9.486 

919.6 

925.1 

1.880 

2J.CCC 

1(9.671 

3.2(7 

!0SJ.7 

•176.17 

1.363 

$96.4 

27.4 

3.711 

913.4 

929.5 

1.886 

29. GOO 

199.86  1 

5.C05 

3C19.7 

-  W3.67 

1.332 

544.3 

27.2 

3.933 

916.2 

423.5 

l.VOl 

23.CCC 

?C9.ei7 

9.766 

ICCe.b 

-176.71 

1.391 

344.7 

26.4 

3.632 

917.0 

926.6 

1.806 

26.0CC 

219.733 

9.331 

299!. 6 

-177.89 

l•3$o 

40C.4 

26.7 

3.868 

917.6 

971.6 

1.811 

27.CCC 

234.376 

6.136 

2981.1 

•  179.02 

1.319 

902.2 

26.3 

6.081 

918.5 

928.6 

1.8)5 

2e.ccc 

3$9«$69 

6.  176 

79(9.6 

•  I40.IC 

1.309 

903.  5 

26.5 

6.24C 

918.4 

928.6 

1.818 

29.CC0 

299.063 

6.013 

793(.! 

•  141.16 

1  .699 

604.4 

26.1 

6.946 

918.4 

930.5 

1.823 

jc.cce 

259.869 

$.896 

2497.9 

•  142.19 

1.489 

403.3 

23.4 

6.727 

914.4 

431.9 

1.827 

$1,000 

271.092 

5.669 

29i(.9 

•  143.10 

1.480 

906.6 

23.7 

6.466 

920.4 

932.5 

1.851 

!2.CC0 

262.119 

5.59? 

242(.e 

•149.03 

1.470 

907.3 

73.3 

7.206 

920.8 

435.1 

1.955 

5$.CC0 

395.671 

*.903 

2917.0 

•149.92 

1.461 

908.3 

23.4 

7.997 

921.  1 

455.4 

1.858 

!9.0CO 

3C3.1C4 

$.278 

2407. 5 

•163.78 

1.452 

904.4 

25.2 

1.687 

421.3 

454.6 

1.892 

!5.CCC 

!16.6C2 

$.134 

289«.$ 

•186.61 

1  .493 

41C.5 

23.0 

7,427 

921. e 

455.5 

I.94S 

$6.CCC 

!28.t93 

!.C97 

28(9.9 

-147.62 

l.4$b 

411.1 

24.4 

8.164 

922.  1 

454.0 

1.848 

$7.CC0 

$$9,736 

?.39  5 

28(0.8 

-188. 2C 

1.423 

912.0 

24.7 

8.907 

922.4 

936. T 

1.851 

■e.ccc 

351.599 

2.896 

2672.9 

•188.98 

1.417 

912.8 

24.6 

8.696 

922.6 

931. 9 

1.954 

59.CCC 

$6$.C61 

2.734 

2869.2 

-  189.(9 

1  .409 

9)5.3 

24.3 

8.884 

922.9 

958. C 

1.857 

90.CCC 

■79.797 

2.666 

2856.2 

•  140.4C 

1.401 

914.5 

24.5 

4.122 

925. 1 

938.6 

1.8*0 

bl.OCO 

366.966 

7.368 

2896.3 

-191.09 

1.59$ 

413.0 

24.2 

4. $38 

925.5 

934.2 

1.8*2 

92.0CC 

$98,199 

2.312 

2891.0 

-141.77 

1.583 

413.7 

24.1 

3.343 

925.5 

958.8 

1.865 

9$.CC0 

969.668 

2.49C 

2833.6 

-142.62 

1.177 

416.4 

24.0 

4.826 

923.0 

990.9 

1.867 

99.0C0 

*21.557 

2.572 

2826.4 

•143.06 

1.570 

417.1 

25.4 

K.C58 

923. e 

440.8 

1.970 

93.CC0 

955.2C9 

2.108 

2819.4 

-14$. 68 

1.562 

417.7 

25.7 

10.284 

925.4 

441.5 

1.972 

96.0CO 

999.857 

3.298 

2812.6 

-199.28 

1.533 

4te.5 

25.6 

1C. 3)1 

929.0 

442. C 

1.975 

97.CC0 

9S6.977 

2.141 

28C3.9 

-199.67 

1.598 

414.0 

25.3 

1C. 744 

929.2 

442.5 

1.977 

98.CC0 

966. C6  1 

2.136 

2799.5 

-145.45 

1.590 

414.6 

25.4 

U.464 

924.5 

441.0 

1.979 

94.CC0 

979. 6C7 

2.083 

2792.9 

•146.01 

1.559 

42C.1 

25.5 

11.141 

424. N 

443.5 

1.981 

50.CC0 

991. )C9 

2.036 

2786.7 

•146,56 

I.52T 

42C.7 

25.2 

11.412 

424.5 

443.8 

1.983 

1C.UC 

68.C96 

19.646 

5317.3 

-197.23 

1.73$ 

566.2 

55.4 

2.374 

566.2 

576.2 

385.7 

589.6 

1.636 

1.785 

-ITl- 


PRCSSURC  raSFILf  ORTA 

SVSTIM  8-F2-B2HA  PC  MO  ASIA  AE  0.1  ASIA 


COMPONENT 

TREE  FORMULA 

OSNSITY 

NEAT  FORM 

WT.  0/0 

DEC  K 

6M/CC 

IRCAL/FBRM.HT. 

1 

0A2 

128  6*F2 

1.53 

♦  3.3 

74.0 

B2H0 

180  82>H0 

0.449 

♦2.30 

76.0 

EULR  DENSITY  • 

.936  GM/CC 

MIXTURE  RATIO  • 

2.840  LB  OXIDIZER  /  LB  OF  FUEL 

MCSSURC  PMftLE  DATA 

CMAMOEA  ENTROAV  340.80  EU/IOOCHS 


CHAA8ER 


FROZEN  EXAANSION 


PRESSUREf 

PSIA 

300.0 

123.7 

32.00 

22.06 

14.70 

4.244 

3.873 

1.023 

.080 

.283 

•  119 

•090 

TEMP#  DEG 

K 

4061.0 

3377.0 

2744.3 

2313.2 

2113. 3 

1404.1 

1300.4 

1272.1 

1031.4 

831.8 

667.1 

932.1 

ENTHALPY  1 

l-l 

-7.14 

30.14 

01.14 

06.06 

97.26 

108.02 

123.41 

139.02 

131.18 

100.33 

160.04 

174.06 

CP 

•  9492 

.3407 

.3324 

.9226 

.9170 

.3117 

.4447 

.4802 

.4740 

.4022 

•  4907 

•4401 

IMPUL  OPT 

180.23 

243.82 

209.97 

301.37 

310.33 

334.38 

337.32 

371.12 

381.42 

390.39 

397.03 

INPUL  VAC 

274.34 

301.02 

326.60 

336.67 

340.81 

302.71 

373.24 

383.11 

392.88 

398.99 

403.70 

EPSILON 

1.042 

1.323 

2.962 

3.334 

4.347 

8.284 

13.324 

28.303 

33.422 

100.090 

107.291 

SHIATINC  EXPANSION 


PRESSURE* 

ASIA 

300.0 

123.7 

32.40 

22.00 

14.70 

9.244 

3.873 

1.023 

.680 

.283 

.114 

.030 

TEMP*  DEC 

K 

4001.8 

3709.4 

3344.2 

3107.8 

2481.3 

2841.3 

2580.0 

2334.6 

2098.4 

1903.2 

1749.6 

1014.5 

ENTHALPY  1 

I-) 

-7.14 

31.40 

05.41 

40.77 

110.00 

124.43 

149.23 

171.36 

191.02 

208.31 

224.23 

238.30 

X  BAR 

3.822 

5.081 

5.551 

3.434 

3.  384 

3.330 

5.242 

5.164 

5.102 

3.020 

4.944 

4.800 

H 

5.822 

5.081 

3.551 

3.434 

3.384 

3.330 

3.242 

5.109 

3.102 

5.026 

4.944 

4.860 

CP 

1.9733 

1.8871 

1.7005 

1.0061 

1.5170 

1.4042 

1.1797 

1.0018 

1.0329 

1.2344 

1.3971 

1.3771 

IMPUL  OPT 

183.20 

232.11 

300.00 

314.32 

338.33 

308.83 

394.07 

415.20 

433.14 

448.66 

402.27 

INPUL  VAC 

282.07 

310.72 

344.22 

302.78 

377.03 

400.00 

420.34 

437.50 

432.20 

403.33 

470.47 

EPSILON 

1.000 

1.043 

2.451 

3.403 

5.013 

10.999 

21.075 

43.904 

89.903 

187.278 

343.982 

CONAOSITION  SHIATINC  INOl/IOO  ONI 


132.00 

e 

.0008 

.0003 

•  0001 

•  0000 

•0000 

•oooo 

.0008 

•  OOOO 

.0000 

.0000 

•  OOOO 

.0000 

-43.47 

e«p 

.0874 

.6477 

•  6136 

•  5139 

•5711 

•  5573 

.3327 

•  5066 

.4638 

.4003 

•  3231 

.2468 

-143.00 

e*F*o 

.8760 

.4737 

U0637 

1«U6B 

1.1792 

1.2155 

1.2734 

1.3172 

1.3429 

1.3345 

U399$ 

1.3626 

-133.84 

e«P2 

.0203 

.0131 

•  OIU 

•001$ 

.0079 

•  0071 

.0061 

•  0056 

.0052 

.0041 

•  002$ 

.0016 

-270.00 

.0024 

.0024 

•  0025 

•  0029 

•  0033 

•0040 

.0064 

•  0163 

.0471 

.1090 

•  l$54 

.2618 

114.76 

B*H 

.0000 

.0000 

•  0000 

•0000 

•0000 

•oooo 

.0000 

•  OOOO 

.0000 

.0000 

•  OOOO 

.0000 

-47.13 

.1000 

.0893 

•  0767 

•  0625 

•0596 

•  0476 

.0324 

•  0201 

.0114 

.0069 

•0047 

.0034 

-133.32 

e*H«02 

.0317 

.0317 

•  0206 

•  0255 

•0231 

•  0200 

.0137 

•  0001 

.0044 

.0027 

•  0019 

.0016 

66.00 

S*H2 

.0001 

.0001 

•  0000 

•  0000 

•0000 

•  OOOO 

.OOOO 

•  OOOO 

.0000 

.0000 

•OOOO 

.0000 

-43.00 

B*H2«02 

.0000 

.0000 

•  0000 

•  0000 

•0000 

•OOOO 

.0000 

•  OOOO 

.0000 

.0000 

•  OOOO 

.0000 

18.00 

B*H3 

.0000 

.0000 

•  0000 

.0000 

•0000 

•  OOOO 

.0000 

•  oooo 

.0000 

.0000 

•  OOOO 

.0000 

o 

• 

• 

1 

6*H3«e3 

.0000 

.0000 

•  0000 

•  0000 

.0000 

•oooo 

.0000 

•  OOOO 

.0000 

.0000 

•  OOOO 

.0000 

5.74 

B«0 

.1375 

.1001 

•  0671 

.0605 

.0305 

.0212 

.0084 

•  002$ 

.0007 

.0002 

•  0001 

.0000 

-84.00 

B«02 

.0154 

.0124 

•  OOB7 

•  0053 

•0040 

•0027 

.0011 

•  0003 

.0001 

.0000 

•  OOOO 

.0000 

-111.00 

B2«02 

.0022 

.0014 

•0016 

•0012 

•0010 

•  OOOB 

.0005 

•  0002 

.0001 

.0001 

•OOOO 

.0000 

-210.10 

B2«03 

.0007 

.0007 

•  0007 

•0007 

•  0006 

•  0006 

.0004 

•  0002 

.0001 

.0001 

•0001 

.0001 

307.00 

83«F3«03 

.0000 

.0000 

•  0000 

•  0000 

•OOOO 

•  OOOO 

.oooo 

•  OOOO 

.0000 

.0000 

•OOOO 

.0000 

18.86 

F 
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2T0.2T 
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•92 

III 

■•R2 

1.93 

♦  3.9 

74.0 

•2M4 

III 

•t*N4 

0.449 

42.90 

24.0 

MUIR  IIRAMSI9N 

C 

1790  • 

4493.4 

ff/9tC 

€9SlifN 

9C/9 

P  091* 

TfH9 
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-.p  CkU  t  041 
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1  VAC 

CF  91* 

CP  VAC 

Of«  R  KC91/10Qeil  OR  OfO 

yo 

loooo 

90000 

IVk 

I.OCO 

300.000  40*1.9 

7.1* 

.9*4 

t.ooo 

1.91* 

149. 143 

397*.* 

-14.21 

.944 

191.4 

114.0 

.720 

294.0 

2*3.0 

2*4.1 

270.4 

1.202 

1.291 

2.000 

4.793 

30.791 

2917.0 

•19.17 

.927 

244.0 

4*.3 

1.901 

243.4 

300.* 

313.4 

314.0 

1.340 

1.442 

2.000 

17.433 

17.204 

21*0.4 

•43. 24 

•  920 

240.4 

37.1 

2.147 

301.0 

310.4 

324.2 

332.9 

1.343 

1.940 

4.000 

29.409 

11.1*4 

1497.4 

-103.79 

•  914 

310.4 

32.2 

2.09* 

113.2 

137.4 

3*2.1 

1.90A 

9.000 

37.411 

0.009 

1044.7 

•111.04 

.SiO 

320.7 

20.4 

3.41* 

3*3.9 

349.9 

1.411 

*.000 

44.249 

*.042 

1734.3 

-114.97 

.90* 

320.1 

2*.» 

4.370 

347.2 

394.7 

1.441 

T.ooo 

91.929 

*•17* 

1444.4 

•120.42 

•903 

333.0 

24.4 

O.IM 

190.0 

399.7 

1.640 

1.000 

73.999 

*•0*0 

1979.9 

-12*. *4 

.900 

110.4 

23.9 

9.  704 

392.0 

3*1.9 

1.474 

4.000 

07.917 

3.*24 

1910.* 

•127.90 

.440 

342.3 

22.3 

4.920 

393.9 

394.9 

1.417 

10.000 

102.471 

2.429 

14*4. 2 

•190.04 

.44* 

34a.9 

21.3 

7.292 

194.4 

34*. 4 

1.441 

11.000 

117.771 

2.941 

1420.9 

•191. 39 

a443 

3*0** 

20.9 

0.094 

399.1 

3*9.4 

1.707 

12.000 

111.124 
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1390.1 

-114. 34 

.442 

390.4 

14.* 

9.743 

399.* 
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1.719 

11.000 

149.414 

2.014 

1343.9 

•134.12 

.440 

393.0 

14.2 

4.909 

394.0 
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1.722 

14.000 

144.471 

1.924 

1311.1 

-117.72 
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399.0 

1*.* 
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394.2 
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1.724 

15.000 

179.199 

1.4*1 
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-114.17 
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394.0 
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1.794 
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PRESSURE  PREPILE  DATA 

SYSTEH  0«*P2-fi2HA  PC  300  PSIA  PE  0.1  PSU 


COMPONENT 

TREF  FORMULA 

DENSITY 

HEAT  FORN 

NT.  i 

OEG  K 

CN/CC 

UCAL/FORM.HT. 

0F2 

128  0*F2 

1.53 

♦3.5 

78.0 

B2H6 

IBC  B2«H6 

0*44S 

♦2.S0 

22.0 

BULK  DENSITY  •  -996  CN/CC 

PIXTUAE  RATIO  •  )*545  LB  OXIDIZER  /  LB  OP  FUEL 

PRESSURE  PROFILE  DATA 


CHAMBER  ENTROPY  )2S. 30  EU/IOOCMS 

CHAPBER  THROAT 


PROZEN  EXPANSION 


PRESSURE* 

PSIA 

300.0 

125.7 

52.66 

22.06 

14.70 

9.244 

3.873 

1.623 

.680 

.283 

.119 

•  030 

164.0 

TEMP*  OFG 

K 

A304.7 

3569.6 

2949.0 

2428.8 

2213*8 

1993. 3 

1628.9 

1324.5 

1071.2 

661.3 

689.2 

348.4 

37112.6 

ENTHALPY  1 

l-l 

-7.04 

30.22 

61.04 

86.47 

96.73 

107.38 

124.30 

138.46 

149.79 

158.92 

166.23 

172.10 

19.55 

CP 

•  3070 

.5000 

.4926 

.4846 

•  4602 

.4731 

*4642 

•  4526 

.4412 

.4303 

•  4198 

.4103 

.5022 

IHPUL  OPT 

iao.05 

243.36 

283.22 

300.49 

313.30 

338*28 

333.78 

369.37 

379.97 

388.27 

394.77 

152.09 

IMPUL  VAC 

276.07 

300.83 

323.61 

333.46 

343.46 

361.12 

373.44 

383.12 

390.73 

396.69 

401.35 

270.04 

EPSILON 

1.060 

1.510 

2.346 

3.310 

4.308 

8.201 

13.133 

28.136 

32.306 

98.116 

183.233 

1.000 

SHIFTING  EXPANSION 


PRESSURE* 

PSU 

300.0 

125.7 

52.66 

22.06 

14.70 

9.244 

3.873 

1.623 

.680 

.285 

.119 

.050 

171.8 

TEMP*  OEG 

R 

4309.7 

1956.4 

36  3  9.5 

3351.9 

3226.0 

3088.  1 

2842.6 

2609.3 

2180.6 

2151.3 

1916.6 

1755.0 

6078.8 

ENTHALPY  1 

l-l 

-7.04 

31.62 

66.24 

97.35 

110.79 

125.35 

150.58 

173.15 

193.82 

212.15 

228.46 

263.00 

18.19 

X  BAR 

3.486 

5.343 

5.211 

5.089 

5.035 

4.977 

4.875 

4.785 

4.710 

4.649 

4.592 

6.531 

5.  396 

H 

3.466 

5.343 

5.211 

5.089 

5.035 

4.97  7 

4.875 

4.785 

4.710 

4.649 

4.592 

6.531 

5.396 

CP 

2.2242 

2.1333 

2.0089 

1.8653 

1.7905 

1.7002 

1.5080 

1.2885 

1.0591 

.8960 

.9560 

.9736 

2.1658 

IMPUL  OPT 

U3.40 

252.80 

301.35 

320.17 

339.37 

370.31 

396.14 

618.01 

436.67 

652.63 

666.39 

168.15 

tMP'jL  VAC 

283.05 

317.44 

350.29 

364.03 

378.52 

402.66 

423.39 

441.20 

456.47 

669.62 

681.13 

276.53 

I-PSILON 

1.061 

1.650 

2.968 

3.994 

5.66T 

11.177 

22.470 

45.642 

93.020 

190.662 

396:628 

1.000 

COMPOSITION  SHIFTING  (MOl/lOO  GM) 


132.60 

8 

•  0007 

.0003 

.0001 

.0000 

.0000 

.0000 

•  OOOO 

•  OOOO 

•  OOOO 

rOOOO 

.0000 

•  OOOO 

•  0004 

-65.67 

e«F 

•  4561 

.3972 

.3464 

.3033 

•  2655 

.2667 

•  2346 

.2062 

•  1796 

•  1516 

.1112 

•0572 

•  4176 

•-163.00 

R«F*^ 

•  6695 

.9689 

1.0596 

1.1410 

1.1756 

1.2120 

1.2753 

1.328b 

1.3722 

1.4044 

1.4221 

1.4276 

•  9341 

-133.84 

H*F2 

•  0208 

.0163 

.0096 

•  0066 

•0056 

•  0049 

•  0036 

•  0026 

•  0023 

.0020 

.0016 

•0009 

•  0163 

'770.00 

0«F3 

.0027 

.0026 

.0021 

•  0020 

•0020 

.0021 

•  0024 

•  0034 

.0062 

•0157 

.0461 

.0977 

•  0025 

114.76 

B«H 

•  0000 

.0000 

.0000 

•  0000 

.0000 

•  0000 

•  OOOO 

•  OOOO 

•  OOOO 

•  OOOO 

.0000 

•OOOO 

•  OOOO 

-47.13 

•  0529 

.0676 

.0420 

.0160 

•  0330 

•029  5 

•  0229 

.0165 

•  0107 

•  0061 

.0051 

•  0016 

•  0495 

'135.32 

B«H»e2 

•  025a 

.0285 

.0300 

•  0299 

.0292 

•0278 

.0240 

•  0167 

•  0130 

.0078 

.0047 

•0039 

•  0276 

66.00 

0*H2 

•  OOCO 

.0000 

.0000 

.0000 

•  0000 

•  0000 

•  OOOO 

•  OOOO 

•  OOOO 

•  OOOO 

.0000 

•  OOOO 

•  OOOO 

-45.00 

B*H2 *02 

•  0000 

.0000 

.0000 

•  0000 

.0000 

•  0000 

•  OOOO 

•  OOOO 

•OOOO 

.0000 

.0000 

•OOOO 

•  OOOO 

18.00 

B*H3 

•  0000 

.0000 

.0000 

•  0000 

•  0000 

•  0000 

•  OOOO 

•  OOOO 

•  OOOO 

•  OOOO 

.0000 

•  OOOO 

•  OOOO 

-238.60 

B*H3«03 

•  0000 

.0000 

.0000 

•  0000 

•0000 

•OOOO 

•  OOOO 

•  OOOO 

•  OOOO 

•  OOOO 

.0000 

•  OOOO 

•  OOOO 

5.74 

8*0 

•  1334 

.1067 

.0774 

.0532 

•  0433 

.0333 

•  0166 

•  0066 

•  0033 

•  0009 

.0002 

•OOOO 

.1150 

-64.00 

8*02 

•  0244 

.0225 

•  0191 

•0147 

•0125 

•0101 

•  0060 

•  0030 

•  0011 

•  0003 

.0001 

•OOOO 

•  0234 

'111.60 

82  >02 

•  0010 

.0009 

.0007 

•  0006 

•  0005 

•  0004 

•  0003 

•  0002 

•  0001 

•  OOOO 

.0000 

•OOOO 

•  0009 

•210.10 

82*03 

•  0004 

.0005 

.0006 

•  0006 

•  0006 

•0006 

•  0005 

•  0004 

•  0003 

•  0002 

.0001 

•0001 

•  0005 

•567.00 

B3*F3*03 

.0000 

.0000 

.0000 

•  0000 

•0000 

•OOOO 

•  OOOO 

•  OOOO 

.0000 

•  OOOO 

.0000 

•OOOO 

•OOOO 

18.86 

F 

•  0750 

.0661 

•  0242 

•  0123 

•  0068 

•0058 

•  0025 

•  0009 

•  0003 

•  0001 

.0000 

•OOOO 

•  0538 

-64.50 

F*H 

1.4366 

1.6630 

1.4326 

1.4127 

1.4013 

1.3877 

1.3619 

1.3375 

1.3137 

1.2817 

1.2145 

1.1092 

1.4433 

-26.10 

F*H*0 

•  OOOO 

.0000 

.0000 

•  0000 

•  0000 

•OOOO 

•  OOOO 

•  OOOO 

•  OOOO 

•  OOOO 

.0000 

•OOOO 

•  OOOO 

32.40 

F*0 

•  0000 

.0000 

•0000 

•  0000 

•  0000 

•OOOO 

•  OOOO 

•  OOOO 

•  OOOO 

•  OOOO 

.0000 

•  OOOO 

•  OOOO 

•  00 

F2 

•  0000 

.0000 

•0000 

.0000 

•  0000 

•  OOOO 

•  OOOO 

•  OOOO 

•  OOOO 

•OOOO 

.0000 

•  OOOO 

•  OOOO 

52.10 

M 

U2517 

1.1209 

•  9745 

•  8141 

.7356 

.6453 

.4771 

•  3193 

•  1639 

•0849 

.0526 

•0119 

1*1699 

9.33 

H*a 

•  1001 

.0705 

•  0456 

•  0266 

.0198 

•0137 

*0061 

•  0022 

•0006 

•  0001 

.0000 

•  OOOO 

•  0807 

•  00 

H2 

•  8513 

.9316 

U0289 

1.1400 

1.1952 

1.2593 

1*3795 

U4936 

1.5944 

1*6772 

1.T4T1 

I.SISS 

•  9006 

-57.80 

H2*8 

•  0978 

.0968 

•  0924 

•  0841 

.0790 

.0724 

.0582 

•  0430 

•  0284 

•0163 

.0092 

•0071 

•  0975 

59.96 

0 

•  0799 

.0668 

•0243 

•  0109 

.0071 

•0042 

•  0013 

•  0003 

•  OOOO 

•  OOOO 

.0000 

•  OOOO 

•  0975 

•  00 

02 

•  0036 

.0019 

•  0009 

•  0003 

.0002 

.0001 

•  OOOO 

•  OOOO 

•  OOOO 

•  OOOO 

.0000 

•OOOO 

•  0024 

174- 
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OMICN  IBOANttON 
C  STAA  «  AOIO.O  Or/UC 


tOSllON 

PUP 

P  ASIA 

TIMA 

ANTHALAV 

CA  CAL/  t  OAT 

OILVAC  OELVAC 

1  OEA 

1  AT 

1  AT 

1  yoc 

CA  OEA 

CA  VAC 

016  K  RCA1/1006M 

OH  OfC 

IP 

LVL 

10000 

00000 

kVl 

l.OCO 

900.000 

4104.7 

7.06 

.907 

l.OOO 

1.124 

144.047 

9702.0 

-to. SO 

*902 

102.1 

117.6 

.716 

216.0 

202.7 

240.1 

270.0 

1.201 

1.202 

2.000 

4.194 

90.449 

2641.9 

-H.  U 

•  400 

240.0 

40.7 

1.490 

269.1 

200.0 

012.7 

SIO.O 

l.OOO 

1.402 

9.000 

17.417 

17.024 

2242.4 

•09.00 

.402 

200.1 

U.O 

2.142 

900.2 

006.7 

920.1 

001.6 

1.902 

1.000 

A.OOO 

27.291 

11.017 

2076.1 

•109.49 

.477 

010.0 

2.002 

912.2 

SU.6 

941.0 

l.OOO 

0.000 

97.917 

7.147 

1424.4 

•110.44 

.479 

120.0 

20.0 

9.411 

042.9 

940.0 

1.414 

4.000 

44.492 

6.006 

1404.4 

•116.07 

.470 

927.9 

24.2 

4.949 

944.0 

909.0 

1*410 

7.000 

42.414 

4.006 

1717.4 

•120.10 

.447 

992.0 

24.0 

0.000 

140.7 

007.4 

1.407 

0.000 

14.494 

4.002 

1442.9 

•129.07 

.449 

997.0 

29.1 

0.  744 

900.7 

040.0 

1.472 

4.000 

44.074 

9.960 

1970.4 

•126.09 

.442 

041.9 

4.012 

902.1 

941.2 

1.404 

10.000 

104.219 

2.674 

1929.9 

•120.10 

.440 

944.0 

21.0 

7.202 

909.0 

MO. 9 

1.404 

11.000 

114.747 

2.904 

1479.9 

•191.94 

.400 

947.9 

20.1 

0.041 

901.7 

Mr. 4 

1.700 

12.000 

119. 4C9 

2.212 

1492.6 

•199.99 

.497 

940.7 

16.4 

0.777 

904.2 

646.2 

1.711 

19.000 

191.494 

1.401 

1944,4 

•199.26 

.404 

991.6 

10.0 

6.404 

904.0 

070.7 

1.716 

14.000 

141.214 

1.744 

1994.4 

-190.06 

.494 

991.0 

10.2 

10.107 

004.7 

172.0 

1.729 

19.000 

112.414 

1.641 

1320.9 

•170.20 

.499 

990.4 

17.7 

10. 760 

979.9 

1.711 

14.000 

200. 7Cl 

1.449 

1244,7 

•190.00 

.492 

107.2 

11.044 

974.4 

1.704 

17.000 

214,421 

1.947 

1279.1 

-140.70 

.490 

990.4 

12.012 

170.4 

1.741 

11.000 

294.970 

1.297 

1240.9 

•141.00 

.446 

940.0 

10.4 

19.076 

974.4 

I.T4S 

14.000 

294.010 

1.  142 

1229.7 

•142.61 

.440 

941.2 

19.041 

977.9 

1.740 

20.000 

277.441 

1.040 

1204.4 

•169.07 

.447 

142.9 

10.0 

14.060 

970.1 

1.799 

21.000 

247.412 

1.007 

1144,4 

•166.74 

.447 

949.4 

10.0 

10.940 

971.6 

1.704 

22.000 

917.414 

.444 

1169.7 

•169.96 

.444 

M4.4 

10.2 

14.07) 

976.4 

1.740 

29.000 

994.047 

.447 

1144.1 

-166.90 

.440 

940.9 

14.0 

14.761 

900.2 

1.741 

24.000 

194.274 

.497 

1191.4 

•167.12 

.444 

940.2 

14.4 

17.464 

900.6 

1.744 

29.000 

974.490 

.749 

1119.7 

•167.42 

.449 

947.0 

14.4 

10. lOi 

901.9 

1.740 

24.000 

944.944 

.79  9 

1100.7 

•164.64 

.469 

H7.4 

14.2 

10.002 

902.0 

1.771 

27.000 

411. 4C4 

.717 

1044.9 

•166.11 

.662 

140.4 

14.0 

16.  004 

>12.0 

1.774 

20.000 

414.944 

•  404 

1072.4 

-146.71 

.461 

946.9 

20.144 

909.1 

1.774 

24.000 

441.171 

.691 

1060.0 

•190.20 

•  441 

946.6 

19.4 

20.006 

909.0 

l.TTO 

10.000 

«44.999 

.614 

1047.6 

-190.02 

.440 

970.4 

21.40) 

904.0 

1.700 

91.000 

904.249 

.940 

1099.4 

•191. M 

.496 

971.2 

19.2 

22.416 

904.4 

1.702 

92.000 

912.247 

.964 

1024.9 

•191.04 

.416 

971.9 

29.104 

904  .0 

1.704 

39.000 

994.941 

.994 

1011.6 

•192.92 

.494 

972.9 

12.6 

29.646 

910.2 

1.704 

94.000 

941.144 

.916 

1009.1 

•192.74 

.4)0 

172.6 

24.711 

)00.0 

l.TOa 

99.000 

609.499 

.499 

443.0 

•199.22 

.497 

979.4 

I2I4 

20.471 

904.0 

1.700 

94.000 

410.414 

.479 

441.1 

•199.44 

.497 

979.6 

24.220 

904.4 

1.701 

97.000 

49*. 074 

.497 

474.0 

•194.09 

.494 

974.4 

I2I) 

24. 600 

904.7 

1.769 

91.000 

641.942 

.440 

449.0 

•194.44 

.494 

974.0 

27.  727 

907.0 

1.764 

94.000 

704.412 

.424 

494.9 

•194.02 

.490 

970.9 

20.449 

907.9 

1.764 

40.000 

712.142 

.410 

467.6 

•199.16 

.499 

970.7 

12.0 

16.200 

907.4 

1.767 

41.000 

797.492 

.946 

414.7 

•199.94 

.490 

974.1 

26.696 

907.6 

1.766 

42.000 

749.621 

.101 

491.4 

•199.00 

.494 

974.0 

)0.404 

910.2 

1.000 

«9.000 

604.190 

.171 

424.2 

•194.22 

.494 

974.6 

11.4 

91.970 

900.0 

1.001 

4*. 000 

619.062 

.194 

416.4 

•194.04 

•  419 

9IT.2 

11.0 

92.074 

900.0 

1.002 

49.000 

460. 4C1 

•  >44 

404.6 

•194.09 

.499 

977.4 

11.4 

12.770 

106.0 

1.004 

44.000 

446.994 

.994 

402.6 

•197.19 

.499 

177.6 

09.440 

006.) 

1.000 

47.000 

412.2  96 

.924 

449.4 

•197.44 

.492 

9U.0 

04.147 

900.0 

1.000 

41.000 

417.447 

.920 

444.2 

-197.71 

.492 

970.4 

11. 1 

M.020 

900.7 

1.007 

44.000 

469.609 

.111 

•42.4 

•tOl.Ol 

.491 

970.6 

11.0 

90.400 

100.0 

l.OOO 

90.000 

444.221 

.101 

476,9 

•190.20 

.491 

176.2 

94.142 

900.1 

1.000 

9.910 

20.414 

U.444 

2219.4 

•44.70 

.400 

100.0 

2.900 

900.9 

Oll.O 

091.4 

090.9 

1.909 

1.000 

SHIOTINO  tlOANSlOH 


C 

OtAt  • 

7219.0  AT/OIC 

EAOUOH 

AC/A 

A  ASIA 

TIMA 

INtXAL AT 

CA  CAL/  1  OAf 

OELVOC  0ILV4C 

1  OEA 

i  AT 

t  AT 

1  voc 

CO  OEA  CA  VOC 

OCC  K  iCAL/ieOCA 

OfO 

IP 

LVL 

10000 

OWOO 

iVL 

1.000 

soc.ooo 

4306.7 

7.04 

2.224 

1.00(1 

1.744 

171.774 

•070.6 

•11.16 

2.146 

140.2 

120.4 

.747 

2*0.0 

2*0.4 

270.9 

274.0 

1.299  1.104 

2.000 

O.OT4 

17.194 

3033.6 

•71.71 

1.641 

272.1 

97.9 

1.042 

)0*.0 

ID.* 

92*. 0 

024.4 

1.900  1.400 

9.000 

19.0C6 

21.729 

3347,1 

•67.64 

1.049 

902.1 

40.7 

2.249 

917.6 

927.1 

947.0 

900.0 

1.410  1.000 

4.000 

20.406 

14.444 

3229.3 

•U0.64 

1.760 

320.1 

49.0 

2.606 

319.4 

906.0 

904.1 

1.024 

0.000 

27.409 

10.040 

9194.1 

•120.26 

1.799 

992.0 

40.7 

9.749 

190.1 

9*7.1 

>79,0 

1.060 

4.000 

)0.04l 

6.041 

3044.4 

•127.41 

1.406 

942.9 

90.0 

4.46) 

971.1 

>00.7 

1.061 

7.000 

49.042 

4.647 

3006,0 

•139.06 

1.449 

946.0 

94.7 

0.270 

177.9 

00*.  0 

1.724 

0.000 

91.911 

9.044 

2640. 3 

•1)0.41 

1.409 

994.0 

90.4 

4.091 

101.0 

941.4 

1.740 

0.000 

96.449 

9.030 

26U.3 

•U2.62 

1.072 

941.2 

94.2 

4.006 

909.0 

964.9 

1.704 

10.000 

47,609 

4.610 

2661.2 

•IT4.46 

1.041 

9*9.7 

99.9 

7.097 

900.2 

966.0 

i.rw 

11.000 

74. OM 

1.644 

2640.1 

•190.09 

1.019 

9*6.7 

92.0 

0.299 

llt.l 

oei.i 

1.764 

12.000 

19.069 

3.929 

2010.2 

•19). 0% 

t.404 

979.2 

91.0 

6.000 

906.* 

404.4 

1.000 

19.000 

94,996 

9.173 

2760.6 

-199. 74 

1.442 

974.9 

91.1 

6.007 

960.7 

407*9 

1.117 

14.000 

104.166 

2.100 

27*9.0 

•190.29 

1.496 

976,2 

90.0 

10.40) 

941.7 

404.0 

1.020 

10.000 

119.044 

2.699 

2742.0 

•1*0.09 

1.417 

901.0 

90.0 

11.962 

942.* 

411.1 

1.007 

14.000 

121.962 

2.427 

2721.0 

•142.44 

1.967 

904.2 

26.0 

12.171 

9*9.0 

419.0 

1.040 

17.000 

199.906 

2.290 

2700.6 

•144.40 

1.970 

900.4 

26.1 

12.690 

9*9.0 

410.0 

l.OOO 

10.000 

142.640 

2.066 

2462.0 

•144.49 

1.940 

900.0 

20.7 

19*409 

993.4 

417.2 

1.001 

16.000 

192.042 

1.647 

2444.1 

•140.14 

1.942 

960.4 

20.1 

14.412 

364.2 

410.7 

l.OOO 

20.000 

142.012 

1.092 

2447.1 

-146.70 

1.924 

962.2 

20.0 

10.122 

964.4 

420.2 

1.074 

21.000 

171.941 

1.791 

2491.9 

-171.24 

1.910 

969.6 

27.  r 

19.012 

9**,* 

42U0 

1.000 

22.000 

100.904 

1.441 

2414,2 

•172.70 

1.260 

969.4 

27.4 

14.40* 

422.0 

l.OOO 

21.000 

160. OJl 

U970 

2401.7 

-174.04 

l.Ml 

160.9 

27.1 

17.212 

424.0 

l.ltl 

26.000 

201.101 

1.660 

2907.6 

-170.90 

1.244 

960.9 

24,0 

10.004 

420.2 

1.060 

29.000 

212. 166 

1.416 

2974.9 

•174.90 

1.20) 

H9.7 

20.4 

10.767 

420.0 

1.601 

20.000 

229.1  70 

1.944 

2941.1 

-177.76 

1.296 

401.0 

24.1 

16.961 

427.9 

1.600 

27,000 

294.240 

1.201 

2946.0 

•170.06 

1.227 

402.2 

24.1 

20.004 

420.9 

1.610 

20.000 

249.976 

1.229 

2097,0 

•176.67 

1.216 

409.4 

20.6 

21.170 

626.2 

1.619 

26.000 

loo.oro 

1.146 

2924.4 

•lOl.OO 

1.209 

400  .S 

20.1 

21.609 

__ 

6>0.i 

1.616 

90.000 

247.000 

1.120 

2010.0 

•t<U6f 

1.162 

400.0 

20.0 

22.740 

491.0 

1.422 

31.000 

276.070 

1.079 

2904.6 

•162.64 

1.101 

400.0 

20.9 

29.020 

491.0 

1.620 

32.000 

260.947 

1.099 

2464.4 

-109.04 

1.170 

407.0 

29.1 

24. 909 

492.* 

1.690 

99.000 

901.427 

.660 

2464.7 

•104.70 

1.100 

400.0 

24.6 

20.071 

419.4 

1.609 

94.000 

912.6W 

.696 

2479.1 

-160.40 

1.161 

406.4 

24.0 

20.000 

694.2 

1.610 

90.000 

924.107 

.620 

2440.0 

•104.40 

U141 

410.> 

24.4 

24.M0 

606.6 

1.660 

90.000 

909.017 

.064 

1404.7 

-107.29 

1.192 

411.1 

24.9 

27.990 

690.0 

1.661 

97.000 

044. 9«4 

•  144 

2447.6 

-100.00 

1.129 

411.6 

24.9 

20*074 

600.2 

1.660 

90.000 

997.741 

.096 

2496.4 

•100.70 

1.119 

412.7 

24.2 

20.000 

090.6 

1.606 

96.000 

940.099 

.019 

2491.0 

-106.41 

1.107 

410.0 

24.0 

26.020 

097.0 

1.601 

40.000 

976.614 

.760 

2422.6 

-160.16 

1.066 

414.2 

20.6 

10.242 

690.1 

1.606 

41.000 

100.622 

•  707 

2410.0 

•160.01 

U06t 

414.6 

20.7 

oe.nr 

OSi.T 

1.607 

42.000 

401.074 

.747 

2407.9 

-161.04 

1.004 

410.4 

20.4 

11.044 

696.1 

1.606 

49.000 

412.700 

•727  2966,7 

•162. 16 

I.0T7 

414.0 

20.0 

02.992 

696.0 

1.662 

44.000 

429.404 

.700  2162.4 

•162.02 

1.070 

417.0 

20.4 

91*012 

660.6 

1.606 

40.000 

4M.109 

.461 

2909.1 

•169.40 

1.049 

417.4 

29.9 

99.403 

660.4 

1.6*0 

40.000 

449.467 

.479 

2970.1 

•164.0} 

410.2 

29.1 

94.  962 

641.6 

1.600 

47. WO 

690.110 

•400  2971.1 

•164.41 

4io.a 

».e 

>9.176 

661.6 

i.*n 

40.W0 

670.967 

.097 

2M4.2 

•169.16 

416.4 

22.6 

00.647 

662.6 

i.on 

46.W0 

401.104 

•  021 

290T.0‘ 

•169.74 

410.0 

22.0 

M.704 

662.1 

1.670 

90.  we 

460.770 

.009 

2900.6 

-IH.26 

420.4 

22.7 

97.044 

660.9 

1.677 

9.664 

20.414 

14,060 

9224.0 

•110.76 

1.761 

320.2 

49.6 

2.600 

920.2 

»9.4 

ISO.  6 

M6.0 

uoao  1.026 

■1T»- 


i 


i 


PRESSURE  PROFILE  DATA 

SYSTEM  0-F2-B2H6  PC  »00  PSU  PE  O.i  PSIA 


COMPONENT 

TREF  FORMULA 

DENSITY 

HEAT  FORM  NT*  i 

DEC  K 

CM/CC 

IXCAL/FORM.HT.) 

0F2 

12B  Q«F2 

I.S3 

♦3*5  B4.0 

B2H6 

160  B2«H6 

0*445 

♦2.50  16.0 

BULK  DENSITY  •  1 

.101  GM/CC 

MIXTURE  RATIO  •  5*290  L6  0XI012ER  t  LB  OF  FUEL 

PRESSURE  profile  DATA 
CHAMBER  ENTROPY  298.65  EU/IOOGMS 


CHAMBER 


THROAT 


FROZEN  EXPANSION 


PRESSURE. 

PSIA 

300.0 

125.7 

52.66 

22.06 

i4.ro 

9.244 

3.673 

1.623 

.660 

.2*3 

.119 

.030 

163.3 

TEMP.  0E6 

K 

4566*9 

3756.7 

3061.1 

2519.5 

2291.0 

2053.1 

1665.6 

1344.9 

1079.9 

662.4 

6*3.1 

341.6 

3983.8 

ENTHALPY  1 

1-1 

-6.89 

26*73 

57.98 

61.94 

91.97 

101.50 

117.40 

130.26 

140.65 

146.93 

133.37 

160.61 

16.72 

CP 

•  4410 

*4359 

•  4296 

•  4232 

.4194 

.4149 

•4059 

.3962 

.3663 

.3772 

.3669 

.3*13 

.4373 

IMPUL  OPT 

176*03 

237.55 

277.99 

292.67 

307,07 

326.63 

345.44 

356.26 

366.20 

373.94 

361.96 

149.27 

IMPUL  VAC 

267.61 

293*21 

316.68 

326.26 

335.76 

350.57 

362.13 

371.19 

376.23 

3*3.76 

3*8.04 

263,66 

•.EPSILON 

1.039 

1.507 

2.513 

3.258 

4.424 

6.001 

14.677 

27.121 

30.296 

93.414 

173.463 

1.000 

SHlFTtNO  EXPANSION 


PRESSURE. 

PSIA 

500.0 

123.7 

52.66 

22.06 

14.70 

9.244 

3.673 

1.623 

.6*0 

.2*3 

.119 

.050 

172.2 

TEMP,  OEG 

K 

4568.9 

4223.3 

3918.4 

3640.2 

3316.4 

33*3.4 

3131.0 

2934.7 

2732.9 

2540.1 

2347.6 

2141.6 

4343.1 

ENTHALPY  I 

1-1 

•6.69 

30.29 

63.76 

94.00 

107.12 

121.37 

146.21 

166.76 

169.26 

207.96 

224.92 

260.26 

17.24 

X  BAR 

4*964 

4.823 

4.692 

4.549 

4.514 

4.432 

4.342 

4.23* 

6.142 

4.034 

3.97* 

3.919 

4.673 

N 

4.964 

4.823 

4.692 

4.569 

4.514 

4.432 

4.342 

4.23* 

4.142 

4.034 

3.97* 

3.919 

4.873 

CP 

2.5622 

2.3226 

2.4292 

2.3045 

2.2436 

2.1766 

2.04*9 

1.9031 

1.7101 

1.4432 

1.1146 

.7*33 

2.5431 

IMPUL  OPT 

179.83 

247.91 

296.25 

314.93 

334.03 

3*4.94 

390.90 

413.10 

432.33 

449.07 

463.66 

144.69 

IMPUL  VAC 

277.61 

312.02 

344.76 

356.52 

373.04 

397.33 

416.41 

436.79 

432.92 

467.03 

479.33 

271.24 

EPSILON 

1.062 

1.639 

2.99* 

4.043 

5.752 

11.406 

23.104 

47.4*6 

96.334 

203.33* 

426.602 

1.000 

COMPOSITION  SHIFTING  IMOL/lOO  CMI 


132.60 

B 

•  0003 

.0001 

•  OCOO 

•  OOOO 

•  OOOO 

*0000 

•  OOOO 

.0000 

•  OOOO 

.0000 

.0000 

•  OOOO 

.0002 

-55.47 

e*F 

•  2376 

.1790 

•  1266 

•  0661 

•  0696 

•0537 

•  0314 

•  0175 

•  0094 

.0060 

.0026 

•  0012 

.2002 

>143.00 

B«Ft0 

.7593 

•  6406 

•  9104 

•  9662 

*9671 

1*0067 

1.0326 

1*0466 

1.0536 

1.0680 

1.0626 

1.0691 

.6123 

-133.84 

B«F2 

•  0227 

•0143 

•  0064 

•  0046 

•0034 

•0024 

•  OOll 

•  0005 

•  0002 

.0001 

.0001 

•  OOOO 

.0170 

>270.00 

n*F3 

•  0047 

•  0036 

•  0027 

•  0019 

•  0016 

•0013 

•  0008 

•  0006 

•  0004 

.0006 

.0006 

•  0004 

.0040 

114.76 

b»h 

•  0000 

•  OOOO 

•  OOOO 

•  OOOO 

•OOOO 

.0000 

•  OOOO 

.0000 

•  OOOO 

.0000 

.0000 

•OOOO 

.0000 

-47.13 

0»H*fl 

•  0130 

.0106 

•  0066 

.0069 

•0062 

•  0055 

•  0042 

•  0031 

•  0022 

.0016 

.0010 

•0006 

.0114 

-135.32 

B*H*e2 

•  0109 

•  0126 

•  0149 

•  0162 

•0202 

•0228 

•0291 

•  0367 

•  0455 

.0687 

.0662 

•  0698 

.0114 

66.00 

6«H2 

•  0000 

•  OOOO 

•  OOOO 

•  OOOO 

•  OOOO 

•OOOO 

•  OOOO 

•  OOOO 

•  OOOO 

.0000 

.0000 

.0000 

.0000 

-45.00 

B«H2«02 

•oooo 

•  OOOO 

•  OOOO 

.0000 

•OOOO 

•oooo 

•oooo 

•  OOOO 

•  OOOO 

.OOOO 

.0000 

•OOOO 

.0000 

16.00 

B*H3 

•  0000 

•  OOOO 

•  OOOO 

•  OOOO 

•OOOO 

•oooo 

•oooo 

•  OOOO 

•OOOO 

.0000 

.0000 

•OOOO 

.0000 

-'236.60 

6«H3t03 

•oooo 

•OOOO 

•  OOOO 

•  OOOO 

•OOOO 

•  OOOO 

•oooo 

•oooo 

•  OOOO 

.0000 

.0000 

•  OOOO 

.0000 

5.74 

B«0 

.0807 

•  0649 

.0504 

•  0373 

•0319 

•0262 

•0172 

•  0105 

•  0059 

.0060 

.0016 

•  0004 

.0706 

-84.00 

6*02 

•  0261 

.0286 

•  0312 

•0339 

.0352 

•0365 

•  0385 

.0390 

•  0372 

.0121 

.0266 

•0130 

.0277 

-111.60 

B2«02 

•  0002 

•0001 

•  0001 

•0001 

•  0001 

•0001 

•  OOOO 

•  oooo 

•OOOO 

.0000 

.0000 

•OOOO 

.0002 

.210.10 

B2«03 

•  0001 

.0002 

•  0002 

.0002 

•  0002 

•0003 

•0003 

•  0004 

•  0005 

.0006 

.0006 

•  0007 

.0001 

>567.00 

R3«F3*03 

•  OOOO 

•  OOOO 

.0000 

•  OOOO 

•  OOOO 

•OOOO 

•  OOOO 

•  OOOO 

•  OOOO 

.0000 

.0000 

•  OOOO 

.0000 

18.86 

F 

•  2931 

.2128 

.1471 

.0961 

.0772 

•  0591 

•  0342 

•  0166 

•  0094 

.0046 

.0016 

•0004 

.2406 

-64.50 

F«H 

1.76  IB 

1.63B4 

1.9002 

1.9479 

1*9658 

1.9831 

2.00BI 

2.0254 

2.0367 

2.0427 

2.0464 

2*0393 

1.8124 

-26.10 

F*H«e 

•  OOOO 

•OOOO 

•  OOOO 

•  OOOO 

•OOOO 

•  OOOO 

•  OOOO 

•  OOOO 

•  OOOO 

.0000 

.0000 

•OOOO 

.0000 

32.40 

F»0 

•oooo 

.0000 

•  OOOO 

•  OOOO 

•oooo 

•OOOO 

•OOOO 

•oooo 

•  OOOO 

.0000 

.0000 

•oooo 

.0000 

•  00 

F2 

•oooo 

•  OOOO 

•  OOOO 

•  OOOO 

•OOOO 

•oooo 

•  OOOO 

•oooo 

•  OOOO 

.oooo 

.0000 

•oooo 

.OOOO 

52.10 

H 

.9159 

•0402 

.7775 

•  7003 

•6614 

•6149 

•  5220 

•  4252 

•  3292 

.2674 

.1622 

•  0778 

.8730 

9.33 

H»a 

•  166B 

•  1492 

•  1339 

•  1203 

•  1143 

•  1074 

•  0939 

•  0787 

•  0612 

.0424 

.0240 

•0095 

.1666 

•00 

H2 

•  2416 

•  2412 

•  2451 

•  2533 

•  2562 

•  2644 

•  2765 

•  2873 

•  2959 

.6066 

.6168 

•  3295 

.240* 

-57.60 

H2»0 

•  0579 

•  0629 

•  0709 

•  0635 

•  0914 

•  1023 

•  1285 

•  1617 

•  2003 

.2408 

.2780 

•  3056 

.0606 

59.56 

0 

.3400 

.2861 

•  2351 

•  1875 

•  1665 

•  1436 

•  1041 

•  0699 

•  0420 

.0210 

.0076 

•  0015 

.6066 

•00 

02 

•  0316 

•0291 

•  0267 

•  0244 

•0233 

•0221 

•0194 

•  0159 

•  0116 

.0064 

.0026 

•0006 

.0600 

m 
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PRtSSU^f  PPOPIIE  OAU 

SYSrEf*  LICUIC  lilPKaPELLAfil  .PC  IQUC.  PSIA 

CU^PCKFNT  IPEF  FCRPUUA  DENSITY  FEaT  EURM  hi.  C/n 

_ _ lEy  I _ _ iKCAL/fOHP.wT.) _ 

\?t  C*f2  I.S^  ♦i.S  66. 

i9rt  b^AhV  0.62C  ♦7./4  54. 

tULK  rtNSIlV  *  |.0?l  CJ'/CC 

PUTLRE  RATIO  *  1.941  LK  CXIOI2EK  /  LP  OF  FUEL 


PHCSSURF  profile  CATA 
IHA^eER  ENTPCPY  <09. 9S  fU/lOOCNS 


CHAMfcER 


THROAT 


FROZEN  LXPANSICN 


PRESSURE* 

PSIA 

IflOO 

596.  1 

15^.5 

63.  10 

25.  12 

14.70 

IG.OO 

3.961 

1.5H5 

.6.31 

.251 

•  100 

555.  1 

TEPP*  L'EG 

K 

3944.5 

3273.  1 

27CH.C 

2233.1 

1P34.S 

1632.0 

15C0. 5 

1220.6 

967.4 

794. 1 

634.4 

503.3 

5502.3 

ENTHALPY  1 

l-I 

-F,44 

26.73 

•)5.H7 

79,95 

99,77 

109.62 

1 16.02 

129.27 

14C.02 

140. 7C 

155.66 

161.19 

14.78 

CP 

.‘5277 

.5196 

.5116 

.SC19 

.4917 

.4050 

•  40C  1 

•  4675 

•  4549 

•  442C 

.4266 

.4156 

.5226 

IPPUL  OPT 

1  74.93 

236, S4 

277.  31 

306. t2 

520.40 

329.06 

346.  1  3 

359.39 

569. 74 

377. H4 

504.16 

142,15 

IPPLL  VAC 
BPSILCN 

26I.3C 

I.CS9 

269. 5? 
1.627 

314.46 

2.075 

554.42 

5.363 

344.00 

7.6M 

3SC.  1C 
10.272 

362.4  1 
19,956 

572.07 

59.057 

579.66 

76.607 

5«5.59 

150.507 

39C.20 

295.156 

255.06 

I.OCO 

ShIF.TIH  M^A^SICN 


PFESSCRE*  PSIA 

ICflO 

396.  1 

15f.5 

63.  10 

25.  12 

14.70 

IC.OO 

3.9H1 

I.SRS 

.631 

.251 

•  ICO 

560.9 

TEPP*  CEC  K 

3944.5 

3527. P 

3153.4 

2H04.5 

2465.6 

2269.2 

7t7(-.9 

11-06. 6 

1614.2 

1501.5 

1414.5 

1343.3 

36R.3.5 

ENTHALPY  (-» 

-H,44 

27,66 

S?.  15 

07.17 

111.49 

124.13 

U2.su 

150.48 

165.81 

179.67 

192.55 

2C4.00 

14.25 

X  eiR 

5.339 

5.233 

5.142 

b.OFC 

S.02I 

s.eoj 

4.995 

4.902 

4.914 

4.006 

4.609 

4.S69 

5.27J  _ 

N 

5.339 

‘t.iii 

5.U2 

S.070 

5.021 

5.005 

4.995 

4.  VB2 

4.9o7 

4.936 

4.9IS 

4.092 

5.273 

CP 

1.2649 

1.1763 

1.C40C 

•  0860 

.riDO 

.b»ii 

.6011 

.5529 

1*9661 

2.5JIS 

4.0620 

S.4724 

1.215a 

IPRUL  OPT 

177.23 

242.05 

2PW.41 

173.C2 

i59.6l 

3S0.22 

371.84 

309.36 

404.54 

417. 9.j 

429.91 

140.44 

IPPIL  VAC 

267.26 

300.57 

Jll.OJ 

356. 15 

J.fi.SI 

J76.it  7 

J92.76 

406.97 

4  19.97 

451.65 

442.25 

259.99 

EPSILON 

1.C76 

1.733 

5. 214 

6.276 

9.556 

12.1190 

25.015 

S2.879 

116. JSk 

259.900 

567.271 

I.OOU 

cflNPcsr 

r ICN  SHIFT ING  (HCL/ICC  1 

541 

1:2. 6C  q 

•  CC26 

,CCC9 

.C003 

«0CU1 

•  COCO 

•  CCCC 

•OOCO 

•  OOCO 

•  COCO 

•cooc 

.0000 

•  OCCC 

•  0014 

-45.47  P«F 

1.5151 

1.5115 

1.5063 

1.5C02 

1.4940 

1.4905 

1.40P2 

1.4025 

1.5155 

1.5551 

1.4765 

1.5755 

1.5152 

-145.0C  HtpffC 

.6067 

.6795 

•  7407 

.6124 

.H6  75 

.8935 

.90d  1 

.92.32 

•  0571 

.  7530 

•  665  3 

•  6007 

.6515 

•133.E4  e«F2 

•  C21  1 

•  0144 

TocTT 

.0065 

•  0042 

.0032 

.0026 

.o5Ts 

•  coil 

.COIC 

.0000 

•  00C6 

.0166 

-2?0.CC  f*Fi 

.CC14 

.0013 

.0C13 

•  0C14 

.COlfl 

.0024 

•0052 

•  0070 

•  0195 

.0459 

•  0914 

.1429 

.0015 

114.76  e«H 

•  CC02 

•  0CC1 

•  OCOO 

•  OCOO 

•  COCO 

.0000 

•  0000 

•  0000 

•  0000 

.0000 

.0000 

•  0000 

.0001 

-47.13 

•  5017 

.2905 

.2740 

•  2257 

•  2050 

.1910 

.  1575 

•  1037 

.0554 

.051S 

.0195 

.2954 

-IJ5.3J  e»F«C2 

.C296 

.0299 

.C2H7 

•  0259 

.0215 

•  0165 

•015b 

.0101 

•  0046 

.0016 

.0009 

•  0004 

.0299 

66.0C  e«H? 
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3101.5 

2556.3 

2333.7 

2101.4 

IT21.5 

1404.8 

1141.1 

922.4 

741.7 

5.J.I 

3983.9 

enthalpy  I 

-7. El 

26. &6 

55.54 

79.21 

88.79 

98.69 

114.69 

127.76 

138.41 

147.04 

154. CO 

IM.S7 

16.68 

CP 

.44E5 

.4420 

.4370 

.4314 

.4284 

•  4247 

•  4168 

.4082 

.3991 

•  3896 

•  3801 

.370. 

.4433 

IPPLL  OPT 

173.68 

234.76 

275.15 

289.89 

304.39 

326.44 

343.42 

356.66 

367.03 

375,19 

381.60 

145.97 

IPPUL  VAC 

264,37 

290.19 

314.13 

323.66 

333.36 

348.57 

360.59 

370.08 

377.57 

383.48 

388.12 

260.49 

EPSUON 

1.041 

I.SIA 

2.546 

3.315 

4.519 

8.239 

15.255 

28.476 

53.392 

100.239 

188.092 

UOOO 

Shifting  expansion 


PKESSUREi 

PSIA 

JOO.O 

125.7 

52.66 

22.C6 

14.70 

9.244 

3.873 

1.623 

.680 

.285 

•  119 

.050 

172.0 

TEPP.  DEG 

K 

4534.2 

4173.3 

3847.9 

3550.7 

3420.1 

3277.2 

3025.0 

2790.6 

856. .0 

2353.9 

2142.5 

1951.1 

4298.8 

enthalpy  I 

1-  ) 

-/.El 

28.21 

60.55 

E9.65 

IC2.24 

115.68 

139.54 

160.91 

180.2) 

197.64 

213.30 

227.54 

15.69 

X  BAR 

4.853 

4.726 

4.608 

4.497 

4.448 

4.394 

4.298 

4,209 

4.129 

4.060 

4,000 

).942 

4.771 

N 

4.853 

4.726 

4.606 

4.49? 

4.448 

4.394 

4.298 

4.209 

4.129 

4.060 

4.000 

).942 

4.771 

CP 

2.1379 

2.0462 

1.9161 

1.7  772 

1.7152 

1.6477 

1.5195 

1.3727 

1.19)7 

1.0048 

.8904 

.9955 

2.0850 

IMPLL  OPT 

177.03 

243.87 

291.19 

309.41 

328.03 

358.03 

383.12 

404.46 

422.77 

438.59 

452.29 

142.98 

IPPLL  VAC 

273.35 

3C6.73 

336.60 

351.92 

365.99 

389.43 

409,63 

42T.1) 

442.31 

455.48 

467.00 

266.98 

EPSILON 

I.C63 

1.656 

2.981 

4.013 

5.695 

11.244 

22.659 

46.265 

95.167 

196.369 

407.885 

1.000 

COMPOSITION  shifting  (HOL/lOO  GM) 


132.60 

E 

•  0015 

•  0007 

•  0C03 

.0001 

•  COCl 

•  0001 

•  oooo 

•  OOOO 

•  OOOO 

.0000 

•  OOOO 

.0000 

•0009 

-45.47 

E*F 

.6515 

.5914 

.5391 

•  4969 

•  4807 

•  4648 

•  4411 

.4233 

•  4092 

•  3962 

•  3784 

.).)2 

•  6122 

-143.00 

e*F#c 

.8769 

.9814 

1.0767 

1.  1605 

1.1954 

U2318 

1.2900 

1.3359 

U3705 

1,3948 

1.4100 

I..IT7 

•  9447 

-133.84 

e*F2 

•  0313 

.0223 

.0158 

•  0113 

•  0097 

•  0082 

•  0062 

,0049 

•  0041 

•  0036 

•  0034 

.00)1 

•0253 

-270.00 

e*F3 

•  0C34 

•  0C29 

.0C25 

.0023 

•  0022 

•  0022 

•  0024 

•  0029 

•  0042 

•  0079 

•  0196 

.0)18 

•  0031 

114.76 

e*H 

•  COCO 

.0000 

•  OCOO 

.0000 

•  cooo 

•  OOOO 

•  OOOO 

.0000 

•  OOOO 

•  OOOO 

.0000 

.0000 

•  OOOO 

-47.13 

B*H#C 

•  0369 

.0354 

.0322 

,0290 

.0274 

•  0255 

•  0214 

.0170 

.0124 

•  0083 

•  0049 

.0028 

•0366 

-135.32 

B*HtC2 

.0137 

•  0148 

.0155 

.0156 

•  0153 

•  0147 

•  0126 

.0101 

•  0072 

.0045 

•  0025 

.0019 

.0144 

66.00 

e*H2 

•  OCCO 

.OCOO 

.OCOO 

.0000 

•  OOCO 

•  OOOO 

•  OOOO 

•  OOOO 

.0000 

•  OOOO 

•  OOOO 

.0000 

•  OOOO 

-45.00 

e4H2i02 

•  occo 

•  ocoo 

•  OCOO 

.0000 

•  COCO 

•oooo 

•  OOOO 

.0000 

.0000 

.0000 

•  OOOO 

.0000 

.0000 

16.00 

B*Hi 

•  coco 

.0000 

■  ocoo 

•  oooc 

•cooo 

•oooo 

•  OOOO 

.0000 

•  OOOO 

•  OOOO 

•  OOOO 

.0000 

•oooo 

-230.60 

e*H3*(33 

•  OCCO 

•ocoo 

.ocoo 

•  oooo 

•  ooco 

•oooo 

•  OOOO 

.0000 

•  OOOO 

•  OOOO 

•  OOOO 

.0000 

•oooo 

5.74 

B*C 

.1767 

•  1465 

•  1161 

•  0868 

.0739 

•  0601 

•  0379 

.0213 

.0103 

.0040 

•  0012 

.000) 

•  1574 

-84.00 

e*c2 

•  C239 

.0226 

.0199 

.0159 

•  C136 

•  0114 

•  0072 

•  0039 

.0018 

•  0006 

•  0002 

.0000 

.0232 

199.30 

62 

•ooco 

•  0000 

•  OCOO 

•  OOOO 

.0000 

•  OOOO 

•  OOOO 

.0000 

.0000 

.0000 

•  OOOO 

.oooo 

•oooo 

-111.60 

82*02 

•  0010 

•  0C09 

•  OC08 

•  00C6 

•  0006 

•  0005 

•  0004 

•  0003 

•  0002 

.0001 

.0000 

.0000 

.0009 

-210.10 

82*03 

•  OOC3 

.0003 

.0C04 

•  0004 

•  C0C4 

•  0004 

•  0003 

•  0003 

.0002 

•  0001 

•  0001 

.0000 

.0003 

-567.00 

e3*Fi»C3 

•  OOCO 

•  0000 

.OCOO 

•  OOOO 

•  OOCO 

•oooo 

•  OOOO 

•  OOOO 

.0000 

.0000 

•oooo 

.0000 

•oooo 

-541.69 

B3*H3*C6 

.ooco 

.0000 

•  OCOO 

•  OOOC 

•  OOOO 

•oooo 

•  OOOO 

.0000 

.0000 

•  oooo 

•oooo 

.0000 

.0000 

18.86 

F 

•  1315 

•  0844 

.oeo2 

•  0274 

•  0201 

•  0138 

•  0063 

.0027 

•  0010 

•  0003 

•  0001 

.0000 

•  0998 

-64.50 

F*H 

1.1193 

1.1413 

1.1467 

U1177 

U1297 

1.1186 

1.0950 

1.0715 

1.0503 

1.0295 

•  9978 

.929) 

1.1353 

-26.10 

F*H*C 

•  OOCO 

.0000 

•  OCOO 

•  OOOO 

•cooo 

•  OOOO 

•  OOOO 

•  OOOO 

.0000 

.0000 

•  OOOO 

.0000 

.0000 

32.40 

F«C 

•coco 

.0000 

•  OCOO 

•  OOOO 

•cooo 

•  OOOO 

•  OOOO 

•  OOOO 

.0000 

•  OOOO 

.0000 

.0000 

•  OOOO 

.00 

F2 

•ooco 

•  0000 

•ocoo 

,0000 

•coco 

•oooo 

•  OOOO 

•  OOOO 

•  OOOO 

•oooo 

•  OOOO 

.0000 

•OOOO 

52.10 

H 

1.1243 

1.0522 

•  9658 

•  8597 

•  8031 

•  7336 

•  5929 

•  4475 

•  3076 

•  1848 

•  0928 

.0920 

1.0795 

9.33 

•  0829 

.0613 

•  0420 

•  0260 

•  C2Q0 

•  0143 

•  0069 

•  0026 

.0010 

•  0003 

•  OOOO 

.0000 

•0689 

.00 

H2 

•  4086 

•  4465 

•  4996 

•  5696 

•  6078 

•  6548 

•  7492 

.8454 

.9365 

1.0170 

1.0852 

1.198) 

.4313 

-57.80 

H2*0 

•  04CI 

•  0394 

.0377 

•  0347 

.0328 

•  0303 

•  0246 

•  0185 

.0126 

•  0077 

•  0041 

.0021 

•  0397 

59.56 

C 

•  1228 

•  0790 

.0451 

•  0223 

.0152 

•  0093 

•  0032 

•  0009 

•  0002 

.0000 

•  OOOO 

.OOOO 

.0937 

•  00 

C2 

.0047 

•  0027 

•  0C13 

•  0005 

•  0003 

•  0002 

•  OOOO 

•  OOOO 

.0000 

.0000 

•  OOOO 

.0000 

.0034 

34.10 

C3 

•  OOCO 

.0000 

•  OCOO 

•  OOOO 

•  OOOO 

.0000 

•  OOOO 

•  OOOO 

•  OOOO 

•  OOOO 

•  OOOO 

.0000 

•  OOOO 

-194- 


evsiLa«i 


uooo 

2.UUO 
1.000 
«.000 
i.OOO 
6.000 
7.000 
9.000 
9.000 
IQ. 000 
u.ooo 
12.000 
11.000 
>6.000 
IS. 000 
16.000 
17.000 
>1.000 
19.000 
20.000 
21.000 
22.000 
.-t.OQO 
26.000 
2S.OUO 
26.000 
27.000 
29.000 
29.000 
iC.OOO 
11.000 
12.000 
11.000 
16.000 
IS. 000 
16.000 
17.000 
16.000 
19.000 
•iC.OOO 
61.000 
62.000 
61.000 
66.000 
66.000 
66.000 
67.000 
66.000 
69,000 
SO.OUO 
1.116 


SVSTil*  IICUIO  ■IMO^Cl.LANt 

ceMP96fii.i  Tier  fflanuiA 

DEC  R  CN/CC  IKCAL/E9IH.MI. 

121  0*92  t.Sl  *1.9 

241  096M  0.620  *7.76 

EteiCR  CII99NSI871 
C  StAM  •  6642.4  9t/9£C 

rfH6  E1»7*AL6V  C6  C6L/  1  06t  0E16AC  OEIVAC  I  SEA  |  Af 


CEC  K  RCAL/IOOCH  OM  DEC 


>017.6  •'1*1.11 


966.1  •166.69 

677.6  •166.67 

*70.6  *166.16 

•♦61.6  *166.66 


.667 

.661  166.0  tl6.4 

.616  260.0  66.1 
•610  2«6.6  19.6 

.626  244.0  10.7 

.621  106.6  2T.6 

.621  119.7  29.6 

.614  121.1  21.7 

.617  129.9  22.6 

.616  124.2  21.1 

.616  112.1  20.6 

.611  119. C  14.6 

.612  117.6  16.6 

.610  114.9  It.l 

.606  161.1  17.6 

.609  161. C  17.1 

.606  J66.6  16.6 

.*07  166. C  16.6 

.606  167.1  16.1 

.609  166.9  19.7 

.606  169.6  19.6 

.606  190.6  19.1 

.60)  191.6  U.6 

.602  192.9  16.6 

.602  191.6  l6.t 

.601  196.2  U.l 

.600  196.4  11.4 

.600  199.7  11.7 

.  144  196.1  11.9 

.144  197. C  li.l 

.146  197.6  11.2 

.  146  196.2  11.0 

.147  196.6  12.6 

.147  194.1  12.7 

.146  199.6  12.9 

.146  160.1  12.6 

.146  160. 6  12.1 

.149  161. 1  12.1 

.149  161.7  12.0 

.146  162.2  11.4 

.146  162.6  11.6 

.146  161.0  11.7 

.141  161.6  11.6 

.141  161.7  II. 9 

.141  166.1  11.6 

.  142  166.9  ll.) 

.142  166.6  11.2 

.  142  169.1  II. I 

.141  169.6  II. 0 

.141  169.8  10.4 

.141  166.1  10.6 

.626  264.4  11.1 


17.6  4,806 

17.1  10.626 

16.6  11.126 
16.6  11.168 

16.1  12.606 

19.7  11.166 

19.6  16.076 

19.1  16.746 
U.8  19.901 
|6.6  16.200 
l6.t  16.882 
U.l  17.964 
11.4  18.200 

11.7  18.819 

11.9  14.696 

11.1  2C.I)0 

11.2  20.867 
11.0  21.609 
>2.8  22.166 

12.7  21.011 

12.9  21.816 

12.6  26.992 
U.l  29.261 
U.l  26.011 
U.O  26.716 

11.4  27.691 

11.6  26.166 

11.7  26.871 
11.6  24.971 

11.9  1C. 267 
11.6  10.491 
U.l  11.612 
11.2  12.106 
U.l  12.467 
U.O  11.621 

10.4  16.27) 

10.8  16.41) 

11.8  2.246  284.4  )00.1 


CF  SEA  CF  VAC 
LVl 

1.203  1.292 

t.SAO  I.6A2 
1.342  1.934 

1.9*9 


EFSKO'i 


l.OO) 
2.000 
1.000 
6.000 
9.00 
4.00 
7.000 
8.000 
4.000 
>0.000 
tl.OOO 
U.OOO 
IJ.OOO 
16.900 
19,000 
16.000 
17.000 
18.000 
>4.000 
20.000 
21.000 
22.000 
23.000 
26.000 
29.000 
26.000 
27.000 
28.000 
24.000 
10.000 
J  1.000 
12.000 
11.000 
16.000 
19.000 
14.000 
17.000 
18.000 
14.000 
60.000 
61.000 
62.000 
63.000 
66.000 
69.000 
66.000 
67.000 
68.000 
64.000 
90.000 
6.019 


PRESSURE 

SVSTEF  LiCUtO  eiPROPELLANT 
CCHPOKEST  TREE  PORPULA 
DEC  K 
120  0*E2 

290  e5*H9 


PROfILE  DATA 
PC  300.  PSIA 


density 

HEAT  FORM 

MT 

GM/CC 

ucal/form.mt. 

) 

1.53 

»3.S 

6C 

0.620 

♦  7.74 

20 

0/0 


PULK  CENSirv  •  1.183  CM/CC 

PIXTURE  PATIO  «  4.000  LB  OX10!2ER  /  LB  OF  FUEL 


PRESSURE  PPOFIIE  DATA 


CHAMBER  EKTROPV  286.46  EU/IOOGMS 


CHAPBER 


THROAT 


FR02EK  EXPANSlOK 


PRESSURE! 

PSl  A 

30C.0 

125.7 

52.66 

22.06 

14.70 

9.244 

3.673 

1.623 

.680 

.265 

•  119 

.050 

164.0 

TEMP,  OEG 

K 

4665.6 

3651.0 

3172.3 

2607.0 

2376.7 

2136.6 

1745.4 

1420.2 

1150.2 

927.1 

743.3 

592.9 

4084.5 

ENTHALPY  1 

1-1 

-7.64 

26.69 

55.00 

76.30 

67.70 

97.41 

113.06 

125.81 

136.17 

144.54 

151.27 

156.65 

16.89 

CP 

.4235 

.4193 

.4147 

.4094 

.4067 

.4033 

.3959 

.3878 

.3793 

*3705 

.3618 

.3531 

•  4206 

IMPLl  OPT 

1 72.61 

233.43 

273.42 

287.90 

302.30 

324.03 

340.73 

353*70 

363.85 

371.81 

378.05 

146.07 

IMPIL  VAC 

262.41 

206.37 

311.97 

321.35 

330.68 

345.81 

357.58 

366.85 

374.15 

379.89 

384.39 

259.12 

EPSILON 

I.C40 

1.5L3 

2.534 

3.293 

4.464 

8.155 

15.061 

26.048 

52.452 

98.232 

183.903 

1.000 

SHIFTING  EXPANSION 


PRESSURE, 

PM  A 

30C.0 

125.7 

52.66 

22.06 

14.70 

9.244 

3.873 

1.623 

.680 

•  285 

•  119 

.050 

173.0 

TEMP,  OEG 

K 

4665.6 

4316.1 

4C0b«4 

3727.2 

36C3.5 

3467.2 

3222.9 

2991.2 

2770.6 

2560.0 

2356.2 

2153.1 

4440.7 

enthalpy  I 

1-1 

-7.64 

26.15 

60.42 

89.63 

102.34 

116.14 

140.23 

162.10 

181.95 

199.97 

216.27 

230.99 

15.44 

X  BAR 

4.677 

4.547 

4.427 

4.316 

4.267 

4.213 

4,UH 

4.029 

i.947 

3.872 

3.805 

3.749 

4.593 

N 

4.677 

4.547 

4.427 

4. 3U 

4.267 

4.213 

4.118 

4.029 

3.947 

3.872 

3.805 

3.749 

4.593 

CP 

2.45C9 

2.4176 

2.3119 

2.1482 

2.0579 

1.9465 

1.7416 

1.5486 

1.3773 

1.2069 

1.0219 

.8394 

2.4413 

IMPLL  OPT 

176.44 

243.33 

290.90 

309.31 

328.15 

158.66 

384.26 

406.12 

424.98 

441.35 

455.63 

141.68 

IMPLL  VAC 

272.64 

306.37 

330.70 

352.29 

366.64 

390.65 

411.38 

429.40 

445.14 

458.91 

470.94 

266.15 

EPSILON 

1.064 

1.(64 

3.012 

4.065 

5.787 

11.462 

23.228 

47.597 

98.399 

204.562 

425.832 

1.000 

CCPPOSiriOK  SHIFTING  (MOL/lOO  GM ) 


1J2.60 

e 

•  0010 

•  ocos 

•  0CO2 

.0001 

•  COCl 

•  0000 

•  0000 

•  0000 

•  0000 

.0000 

•  0000 

•  0000 

•  0007 

-45.47 

e*F 

.4900 

•  4313 

.3(79 

•  3096 

•  2845 

•  2580 

•  2149 

.1814 

,1563 

.1375 

•  1223 

.1062 

.4555 

•  143.00 

e»F#c 

.6514 

.9536 

1.0887 

1.  1153 

1.1727 

U2125 

1.2793 

1,3347 

U3791 

1.4136 

1.4395 

1.4580 

•  9168 

-133.84 

e«F2 

•  0353 

.0250 

.0171 

.01 14 

•  0094 

.0075 

•  0049 

.0032 

•  0022 

.0016 

•  0013 

.0011 

•  0265 

-.2/0.00 

e«F3 

.0049 

•  0C42 

•  0C34 

•  0028 

.0025 

•  0022 

•  0019 

.0017 

.0017 

•  0021 

.0033 

.0069 

•  0044 

114.76 

e«H 

•  ooco 

•  OCOO 

.OCOO 

•  0000 

•  COCO 

•  0000 

•  0000 

.0000 

.0000 

•  0000 

.0000 

•  0000 

•  0000 

-47.13 

6*H*C 

•  01S4 

•  0166 

.0143 

.0124 

•  0117 

•  0109 

.0095 

.0062 

.0068 

•  0053 

•  0036 

.0024 

.0176 

-135.32 

e*H«c2 

.0068 

.0094 

.0101 

•  0108 

.0111 

•  0116 

•  0122 

•  0122 

.0113 

•  0094 

•  0069 

.0044 

.0092 

66.00 

e«H2 

•  COCO 

•  0000 

•  OCOO 

.0000 

•  0000 

•  0000 

•  0000 

.0000 

.0000 

•  0000 

.0000 

.0000 

•  0000 

-45.00 

e«H2t02 

•  OCCO 

•  OCOO 

•  OCOO 

.0000 

•ooco 

.0000 

.0000 

.0000 

•  0000 

•  0000 

•  0000 

.0000 

•  OOOO 

18.00 

e«M3 

•  occo 

.0000 

•  OCOO 

.0000 

•coco 

•  0000 

•  0000 

.0000 

.0000 

•  0000 

•  0000 

.0000 

•  OOOO 

-236.60 

e»H3»03 

.ooco 

•  0000 

•  OCOO 

.0000 

.0000 

•  0000 

•  0000 

.0000 

.0000 

•  0000 

•  0000 

•  0000 

•  OOOO 

5.74 

e«o 

•  1305 

•  1166 

.0558 

.0764 

•  0678 

•  0584 

•  0420 

.0278 

.0165 

.0085 

•0036 

•  0012 

•  1245 

-64.00 

e*c2 

•  0244 

.0248 

.0244 

•  0232 

•  0223 

•  0210 

•  0175 

.0130 

•  0083 

•  0044 

.0019 

.0006 

.0247 

199.30 

62 

•  COCO 

•  OCOO 

•  OCOO 

•  0000 

•  COGO 

•  0000 

•  oono 

.0000 

•  0000 

.0000 

.0000 

•  OOOO 

•  OOOO 

^111.60 

P2*02 

•  00C5 

•  0004 

•  0C03 

.0002 

.0002 

•  0002 

•  0002 

.0001 

•  0001 

•  0001 

•  0000 

•  0000 

•  0004 

*210.10 

l*2*03 

.00C2 

•  0C02 

.0CO2 

.0002 

•  0002 

•  0002 

•  0003 

.0003 

.0002 

.0002 

.0001 

•  0001 

•  0002 

-567.00 

e3»F3«C3 

•  OOCO 

•  OCOO 

•  OCOC 

•  OCOC 

•  0000 

•  0000 

•  0000 

•  0000 

.0000 

•  0000 

•  0000 

•0000 

•  OOOO 

'541.69 

e3*H3*C6 

•  OOCO 

.0000 

•  OCOO 

•  0000 

•  COQO 

•  0000 

•  0000 

•  0000 

.0000 

.0000 

•  0000 

•0000 

•  OOOO 

18.86 

F 

.2631 

•  1935 

.1355 

.0891 

•  0713 

•  0541 

♦  0297 

•  0146 

•  0064 

•  0025 

•  0006 

•  000? 

.2177 

-64.50 

F»H 

1.2652 

1.3221 

1.3663 

1.3978 

1.4082 

1*4167 

1*4237 

1.4206  , 

1.4115 

1.3998 

1.3676 

1.3735 

1.3026 

-26.10 

F»M»C 

•  OOCO 

•  OCOO 

.OCOO 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

.0000 

•  0000 

•0000 

•0000 

.0000 

32.40 

F»U 

•  OCCO 

.0000 

•  OCOO 

•  0000 

•  COGO 

•  0000 

•  0000 

.0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  OOOO 

•00 

F2 

•  OOCO 

•  0000 

•  OCOO 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

.0000 

.0000 

.0000 

52.10 

H 

•  9572 

.9113 

•  8640 

.8112 

•  7633 

•  7480 

•  6691 

•  5708 

•  4557 

•  3329 

•  2151 

•  1159 

•  9261 

9.33 

.1C36 

•  0854 

.0686 

.0530 

•  0462 

•  0367 

•  0259 

•  0152 

•  0076 

•  0031 

.0010 

•  0002 

•  0919 

.00 

H2 

•  2175 

.2224 

•  2332 

•  2518 

•  2639 

.2810 

•  3237 

•  3615 

.4518 

•  5281 

•  6021 

•  6670 

.2200 

-57.00 

h;  '  3 

•  03CO 

•  0299 

•  0299 

•  0303 

•  0305 

•  0307 

•  0308 

•  0296 

•  0264 

•  0213 

•  0153 

•  0095 

•  0299 

59.56 

c 

•  2444 

•  1899 

•  lAOO 

•  0957 

.0775 

•  0589 

•  0312 

.0136 

•  0047 

•  0012 

•0002 

•0000 

•  2095 

.00 

C2 

•  0131 

.0099 

.0C7C 

•  0045 

.0035 

•  0026 

•  0012 

•  0004 

•  0001 

•  0000 

•  0000 

•  0000 

•  0111 

34.10 

C3 

•  OCCO 

.0000 

•  OCOO 

•  0000 

•  COCO 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  OOOO 

MW- 


EPSUON 


1 .000 
2.000 
1.000 
4.000 
1.000 
*.000 
7.000 
0.000 
9.000 
1 0.000 
it. 000 
12.000 
>i.000 
14.000 
ll.OOO 
i*.000 
.7.000 
it. 000 
19.000 
>0.000 
11.000 
(2.000 
11.000 
14.000 
il.OOO 
!*.000 
17.000 
>*.000 
19.000 
10.000 
tl.OOO 
12.000 
11.000 
14.000 

ts.ooo 

14.000 

>7.000 

10.000 

>9.000 

0.000 

1.000 

2.000 

1.000 

4.000 

s.ooo 

*.000 

7.000 

0.000 

9.000 

0.00(1 

1.24^ 


SVITEP  liCUID  OIPtOPflLONt  PC  100.  PSJ* 

COHPOIkIKr  fMF  79*»LU  OIHSITV  HlAI  POOH  Ml.  9/0 

DEC*  6N/CC  («C*L/P9IIM.MT.  > 

120  o«P2  1.11  *1*1  ae. 

29t  I9«H9  0**20  *7.74  29> 


PC/f  P  PSU  lEHP  I47P4LPV 
CEC  R  RCliyiOOGP 

l.OCO  lOO.COO  4**1. 4  7.44 

UI30  1*1.444  4004.1  -t*.*! 

9.410  10.271  2031.2  -49.02 

IT.TSt  U.400  2411.2  -14.10 

27. 4n  10.424  2221.4  -41.47 

II. Ill  7.111  2010.7  -ICO. 11 

10.114  1.411  1911.2  -lei.io 

42.420  4.740  1017.2  -1C4.4I 

71.110  3.171  171*. 7  -112. *1 

09.024  1.140  1416.4  -111.11 

ICl.Od  2.111  1*29.4  -117.61 

120.740  2.401  1170.1  -119.41 

13*. 410  2.144  1132.0  -121.4) 

112.120  1.447  1492.1  -121.01 

U0.3I1  1.702  1*11.4  -12*. 4* 

101.431  1.4)1  1422.1  -121.74 

2C2.0I2  1.401  1)41.1  -12*. 42 

220.010  1,310  1)4). 2  -120.02 

240.117  1.244  11)7.1  -129.02 

299.4(1  l.lll  1)12.4  -124.46 

274.1)1  1.C7)  1240.1  -t!0.42 

294.13)  I.C02  1264.1  -131.64 

114. 6)1  .010  1249.)  -1  32.40 

139.0(0  .103  W10.6  -131.11 

)40.0)6  .())  1212.0  -13). 74 

100.211  .104  1146.2  -134.42 

4(0.142  .744  1100. 1  -131.01 

420.140  .714  1161.2  -131.60 

4*0.124  .401  1110.4  -i?*.!* 

463.231  .440  1137.2  -136.4* 

414.444  .414  1124,1  -137.14 

110.111  .910  llll.l  -117.44 

114,430  .l4l  1049.1  -1*1.04 

190.710  .1)7  1017.4  -130.11 

161.310  .114  1076.4  -130.4* 

6(0. K7  .*4)  1066.2  -1  34.3* 

6) 3.040  .47*  1011.4  -134.71 

*90.240  .416  10*6.0  -140.10 

60.132  .  414  1  0  3  6.4  -1*0.46 

7(0.442  .42)  1027,2  -140.61 

7) 6.447  .401  1010.)  -1*1.1* 

760.029  .141  1004.6  -1*1.67 

701.617  .302  1001.)  -1*1.70 

ail.)2)  .370  443.2  -142.06 

07,0(0  .  390  401.1  -142.  37 

162.649  .340  477,7  -142.66 

600.31)  .3)0  470.)  -142.4) 

414.024  .32a  463.1  -141.20 

4)4.699  .)14  416.1  -)«).*6 

461.2*2  .ill  449.3  -143.72 

990.117  .30)  4*2.6  -1*1.46 

20.414  14.496  2)7*. 7  -07.70 


PR02CN  ElPANSiaM 
C  sua  •  **99.)  PT/9EC 
(P  e*L2  t  OPt  0ILV6C  fiCLVAC  I  SEA 
CM  &EC  /P  LVi 

.62* 

.621  1*6.1  111.1  .640  269.0 

.612  211. a  61.1  1.617  211.2 

.*06  261.)  )9.0  2.076  217.7 

.609  247.)  )0.2  2.7*6 

.602  106.6  27.1  ).6*1 

.600  111.7  26.4  6.169 

.16*  114.1  21.1  6.679 

.146  321.6  22.0  9.927 

.199  127.1  20.9  6.246 

.191  110.1  19.4  6.967 

.192  1)2.6  19.2  7.71) 

.191  119.1  16.9  6.610 

.190  117.1  17.4  4.096 

.169  114.0  17.6  4.717 

.366  360.6  1«.4  10. 169 

.167  362.1  1*.6  11.079 

.)6*  )6).9  1*.0  11.611 

.169  )64.6  19.7  12.96* 

.369  366.0  19.3  11.277 

.30*  167.1  19.0  16.000 

.361  166.1  16.7  16.7)6 

.161  3*4.0  16.9  19.619 

.362  144.4  14.2  16.103 

.**1  190.6  14.0  16.776 

.161  191.6  11.6  17.414 

.1»0  192.1  11.9  16.079 

.lao  191.0  11.1  16.700 

.174  191.7  11.2  14.111 

.174  194.1  11.0  2C.016 

.171  19*. 4  12. A  2C. 770 

.176  199.9  12.6  21.904 

.177  194.1  12.9  22.216 

.  )TT  196.6  12.1  22.471 

.377  197.1  12.2  21.70) 

.376  397.6  12.1  2*. 431 

.376  196.1  11.4  29.197 

.379  396.9  U.6  29.676 

.379  396.4  11.7  26.944 

.179  194.4  11.6  27.109 

.174  194.6  11.4  26.010 

.174  360.2  11.1  26.704 

.374  360.9  11.2  24.401 

.37}  360.4  11.1  30.069 

.171  161.1  11.0  10.7*2 

.171  161.6  10.4  11.4)1 

.172  361.4  10.6  12.04) 

.)72  >62.2  10.7  >2.746 

.)72  162.6  tO.7  33.341 

.)7|  362.4  10.6  36.026 

.371  ]*}.2  10.9  16. *97 

.407  266.0  )).*  2.270  266.0 


I  AT  I  AT  I  VAC  CP  SEA  CP  VAC 
10000  90000  IVL 

292.0  297.4  294.1  1.206  1.293 

267.*  2M,4  >02.)  1.194  1.6*2 

296.4  116.6  )16.2  l.)41  |.9)6 

294.1  122.6  127.9  1.91) 

126.0  ))).4  1.416 

111.9  111. 7  1.4)7 

134.1  162.4  1.499 

)}4.0  169.6  1.670 

117.)  147.9  1.692 

))6.2  190.1  1.492 

1)6. •  )9I.9  1.701 

1)9.2  191.4  1.709 

1)4.9  199.0  1.71* 

114.7  19*«)  1.721 

)97.9  1.726 

>96.*  1.714 

)S4.*  1.716 

1*0.9  1.76) 

>61.)  1.767 

>42.1  I.T90 

142.6  1.796 

>41.9  1.797 

1*6.1  1.760 

366.7  1.76) 

1*9.3  i.T4* 

169.6  1.744 

1*4.1  1.771 

1**.*  1.771 

1*7.1  1.77* 

1*7.7  1.776 

1*6.1  i.Tie 

1*6.9  1.712 

1*1.9  1.711 

1*9.)  1.769 

1*4.6  1.767 

170.0  1.764 

>70.)  1.740 

170.6  1.792 

>70.9  1.791 

171.2  1.799 

>71.9  1.79* 

171.6  1.797 

>72.0  1.74* 

172.1  1.600 

>72.9  1.601 

172.6  1.602 

>7).0  1.603 

373.2  1.606 

373.4  1.609 

173.7  1.606 

296.0  317.1  321.3  1.392  1.993 


E*Sli6N 


1.000 
2.OC0 
l.OCO 
4.000 
9.000 
*.000 
7.000 
6.000 
4.000 
0.000 
1.000 
2.000 
1.000 
4.000 
9.000 
*.000 
7.000 
6.000 
4.000 
0.000 
1  .000 
2.000 
).000 
4.000 
S.OOO 
*.000 
7.000 
6.000 
9.000 
0.000 
UOOO 
2.000 
).000 
4.000 
9.000 
6.000 
7.000 
6.000 
9.000 
0.000 
1.000 
2.000 
).000 
4.000 
9.000 
*.000 
7.000 
6.000 
9.000 
0.000 
4.0*9 


PC/)  P  61U  TEMP  (htPAlPT 
CEC  a  iCai/tCOCP 
l.OCO  300.(00  *469.6  7.6* 

1.7J*  17).CI9  44*0.7  -19.** 

7.921  37.6)6  3910.9  -70.62 

l).919  22.191  3726.9  -(9.46 

19.941  19. (07  1604.9  -1(1.69 

26.946  11.19*  1922.9  -110.97 

3*. 040  6.611  )«9}.7  -117.40 

*1.719  7.161  1)94.9  -123.16 

*9.7*7  6.01  11*6.6  -127.9) 

97.746  9.191  ))07.l  «);2.0) 

69.110  *.9i9  3270.*  -U9.62 

73,7(6  4.(70  )217,6  -1)6.61 

62.019  3.(99  1207.9  -1*1,66 

9|.|*(  1.291  )t60.6  -1*4.26 

ICO. 3(2  2.969  )I99.9  -1*6.49 

1(9.41)  2.7)9  31)1.0  •t*6.64 

114.026  2.9203111.6  -190.64 

126.1(9  2.337  3041.7  -192.73 

137.70  2,179  3071.1  -194.46 

1*4.992  2.C*I  1099.6  -194.13 

194.1(7  1.922  30)4.0  -197,47 

169.19)  1.616  3023.*  -194.12 

176.0(0  1.723  30Q6.9  -1(0.90 

112.6(6  1.(60  2444.6  -1(1.61 

142.717  1.994  2460.9  -163.09 

20.110  1.677  29*6.0  -1(4.26 

211.962  1.609  2499.*  -1(9.17 

226.096  l.)}9  2441.6  -146. *9 

234.666  1.274  2432.6  -167.44 

269.2(7  1.223  2421.9  -U6.*6 

299.176  1.172  2910.9  •1(9.46 

2**.*S2  1.129  2900.6  -170.36 

277.6)0  1.C61  2641.0  -171.2* 

266.117  1.C6I  2661.9  -172.10 

246.921  I, CO*  2672.3  -172.42 

K4.696  .469  264).*  -173.72 

)20.3(7  .4342694.6  -174.49 

)31.092  .406  264*. 9  -179.24 

941.7(1  .176  26)6.4  -179.4* 

392.310  .192  2630.9  -17*.** 

)A2.672  .627  2622.6  -177.34 

379.1(2  .603  2619.4  -176.01 

36). 1)6  .762  2606.1  -176. *9 

344. 231  ,761  2601.0  -174.26 

4(4.976  .762  2744.1  -179.64 

414.191  .72)  2767.4  -160.46 

429.017  .704  2710.1  -111.04 

439.2)7  .469  2774.6  -111.62 

449.96)  .673  27*6.1  -162.17 

497.711  .699  2762.0  -162.71 

464.9(0  .639  279*. 0  -163.24 

20.416  14.64*  3*09.9  -102.94 


ShlPflMl  flP6MS]9*» 

C  sr6a  •  444).*  Pt/9fC 
CP  (*i/  I  OPt  OElvAC  CEiVAC  I  SEA 
■  OEC  /P  (Vi 

.*91 

.*♦1  l*U7  12*. 9  .714  299,* 

.2*4  2*1.9  9*.l  l.*6?  249.6 

.1*4  240.*  47.9  2.1*0  )e*,i 

.0*3  306.4  43.2  2.674  304.) 

.99*  320.7  40.2  3.409 

.4)7  324.4  36.1  4.322 

.990  3)7.)  14.*  9.071 

.6*4  3*).*  19.1  9.622 

.614  346.4  14.0  6.996 

.762  39). 0  )).l  7.264 

.79*  )96.4  32.3  7.4*1 

.724  360.4  31.6  8. *96 

.70*  943.9  )1«0  4. *24 

.669  146. 4  10.9  10.141 

.644  349.0  30.0  10.494 

.646  371.)  24.9  11.704 

.*)!  )7).9  24.1  12.491 

.614  379.*  26.7  D.ISO 

.401  )77.9  26.4  13.642 

.966  374.2  26.0  14,967 

.979  160.4  27.7  19.24* 

.943  362.9  27.*  19.42* 

.991  383.4  27.2  16.9*4 

.940  369. 9  24.4  17.247 

.930  366.7  2*. 7  16.0*0 

.921  366.0  2*. 4  16.629 

.911  964.2  24.2  14.964 

.902  340.1  2*.0  2C.992 

.444  14).*  29.6  21.11* 

.464  342.9  29.4  21.674 

.476  341.9  29.9  22. *24 

.470  34*. 9  29.3  23.381 

.*4)  349.4  29.1  24.126 

.494  144.3  29.0  24.670 

.**4  347.2  24.6  29. *09 

.442  346.1  24.7  24.339 

.*94  946.4  24.9  27.097 

.430  344.7  24.4  27.772 

.424  400.4  24.3  26.460 

.416  401.2  24.1  24.160 

.412  401.4  24.0  24.672 

.404  402.4  23.4  10.99* 

.401  401.2  29.6  11.212 

.344  403.4  23.7  31.400 

.340  404.9  23.9  32.941 

.369  409.2  23.4  33,213 

.360  409.6  23.1  33. 696 

.379  404.4  29.2  34.94* 

.371  406.4  2).l  19.909 

.34*  407.9  23.0  36.049 

.096  304.3  41.0  2.424  304.3 

-itr- 


i  AT  I  At  I  VAC  CP  SEA  CP  V6C 
lOOOO  90000  LVL 

296.6  244.9  2*4.1  1.2)3  1.1*4 

302.3  319.0  )1T.*  1.370  1.671 

316.3  33*. 6  336.9  l.*2l  1.9*4 

322.0  3*6.7  391.*  1.433  1.624 

323.4  394.7  3*0.4  l.*T2 

3*0.6  1*6.0  1.709 

1*9.1  171.6  1.712 

3**.*  )76.9  1.79* 

371.*  362.*  1.77) 

17). 6  166.2  1.764 

379.7  364.1  1.60* 

177.1  >42.1  I.II7 

176.1  14*.*  1.621 

174.9  14*. I  1.114 

310.2  346.4  1.6*6 

160.9  *00.1  1.697 

981.9  402.6  1.6*6 

311.6  *04.1  1.673 

362.1  409.6  1.660 

>62.9  907.3  1.617 

362.6  406.*  1.14) 

362.7  *04.4  1.644 

*11.1  1.409 

*12.)  1.410 

41).*  1.419 

414.*  1.420 

419.4  1.929 

416. )  1.424 

417. )  1.9)3 

416.1  1.937 

414.0  1.441 

414.0  1.949 

420.9  1.944 

421.)  1.492 

422.0  1*499 

422.7  1.994 

423.4  1.4*2 

424.0  1.9*9 

424.7  1.4*6 

429.)  1.471 

429.4  1.973 

42*. 9  1.97* 

427.0  1.974 

427.6  1.461 

426.1  1.464 

426.*  1.96* 

424.1  1.466 

424.6  1.941 

4)0.1  1.44) 

430.9  1.449 

322.3  947.3  392.3  1.433  1.632 


PftCSSURE  PftOFUE  data 

SVSTEP  LtCUlO  tilPAOPELLANT  PC  )00.  PSU 


COMPOKENT 

TREE 

FORMULA 

density 

HEAT  FORM 

NT 

DEC 

K 

CH/CC 

IKCAL/FORM.nT. 

) 

126 

a*F2 

U53 

♦  3.5 

88 

2<i6 

H5*H9 

0.620 

♦  7.  74 

12 

eULK  CENSITY  *  W301  GM/CC 

^ixruPE  PAflO  •  7.3))  LG  OXlOUFrt  /  LB  CF  FUEL 

PRESSURE  profile  DATA 


chapser 

Chamber 

ENIRQPY 

FR02EK 

259.77  EU/IOOCMS 

EXPANSION 

THROAT 

PRESSURE.  P51A 

3CG.0 

125.7 

52.66 

22.06 

14.70 

9.244 

3.873 

1.623 

.680 

•  285 

•  119 

•  050 

163.6 

I6PP*  DEG  K 

4635.4 

3781.4 

3077.7 

2496.3 

2264.2 

2021.7 

1630.0 

1308.5 
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29.000 

041.176 

8.195 

915.0 

•180.14 

.093 

399.6 

11.1 

9.138 

18?.t 

in.t 

T.Tfl 

30.000 

080.290 

2.099 

900.0 

-125.59 

.092 

340.0 

15.1 

9.599 

392.7 

373.5 

I.79S 

31.000 

909.434 

1.970 

693.0 

-123.90 

.091 

MI.8 

11.0 

9.391 

198.1 

170.0 

1.797 

38.000 

928.960 

1.090 

662.5 

•129. 39 

.090 

341.9 

12.9 

9.799 

992.8 

370.0 

1.799 

574.8 

10.000 

979.676 

1.700 

692.8 

-127.21 

•  039 

392.7 

18.5 

7.103 

992.9 

379.1 

19.000 

399.591 

1.979 

139.5 

-T87.TT 

.138 

181.8 

12.1 

7.189 

373.3 

1.600 

94.000 

917.902 

1.919 

AI00.9 

•129.12 

•  097 

999.7 

12.2 

7.910 

579.6 

1.609 

37.000 

401.017 

1.390 

'839.0 

-128.31 

.037 

140.1 

18.0 

T.709 

378.1 

1.607 

30.000 

647.079 

1.099 

627.9 

-126.69 

.099 

960.9 

11.9 

7.929 

379.9 

1.609 

"  1.118 

B.  19k 

OO.OOO 

720.197 

1.389 

611.9 

-129.91 

•  099 

949.9 

11.9 

6.579 

977.1 

1.812 

oi.eeo 

Tor.Tir 

T.iir 

fOO.l 

-iir.fs 

•«3« 

li3;9 

TT.l 

1.800 

177.7 

7.611 

02.000 

770.002 

1.291 

797.0 

•130.26 

•  090 

364.3 

11.0 

O.RIO 

577.9 

1.613 

01.000 

808.051 

1.307 

790.0 

•110.90 

.031 

386.4 

11.1 

9.008 

177.9 

7.818 

00.000 

629.096 

1.209 

763.2 

•190.91 

•  091 

947.0 

11.2 

9.272 

376.2 

1.617 

ssr.Tia 

«*«OOA 
AT. 000 
A9.000 
Af.OOO 
SO. 000 
7.T2A 


00*.  ur 

fU.SIO 

OA3.229 

•n.on 

1 000.  MO 

00.000 


1.t2l 

1.091 

1.000 

1.029 

.999 

10.090 


TTO.I 

TSJ.9 

TST.O 

7S1.9 

700.1 

TO04.S 


UI.SO 

-TJT.T9 

•132.00 

-112.11 

•t32.S9 

-90.00' 


•0S2  307.7 

.osr  iff.y 

.OSl  300.0 
;sn“TW.T 
.OSO  309.0 

'.sOr  J2^.T~ 


II. 0  9.717 
T0.9  9.930 
10.9  10.IS9 
10.7  10.378 
10.0  10.S9O 
28.0  1.007 
- •»!•- 


376.7 

m.9 

379.1 


12S.T  332.6  300.0 


1.020 
1.621 
1.022 
i.oir 
1.620 
1.079  , 


PKESSURE  PROFILE  ORT* 

SYSTEP  LICUIO  OIPROPELLMT  PC  lOOO.  PSIR 


COMPONENT 

TftCF 

FORMULA 

density 

HEAT  FORM 

UT 

06G 

K 

GM/CC 

(RCAL/FORM.MT. 

\ 

128 

0«F2 

l.sl 

♦  J.8 

SO 

298 

N2*ha 

l.OOR 

♦12. OS 

so 

BULK  CENSirV  •  1.212  GH/CC 

HIIIURE  RRTIO  •  1.000  LB  0X1012ER  /  LB  OF  FUEL 

PRESSURE  PROFILE  DRTR 


CHRMBER  ENIROPY  )21.0a  EU/100CM$ 


PRESSUREf  PSIA 

CHAMBER 

lOQO  398.1 

158.5 

63.10 

FROIEN 

25.12 

EXPANSION 

16.70  10.00 

3.981 

1.585 

.631 

•  251 

•  100 

THRORT 

S48.8 

rgMPi  OEG  K 

3710.0 

3067.5 

2691.1 

2026.0 

1632.1 

1636.0 

1306.1 

1031.7 

808.6 

628.7 

686.3 

375.3 

3265. S 

EH THAI PV  (•) 

-22.06 

13.95 

63.66 

67.51 

86.98 

96.50 

102.61 

115.06 

126.63 

132.68 

138.60 

162.97 

2.20 

CP 

•  S692 

•  5367 

.5230 

.5058 

•6866 

•6765 

•  6659 

.6667 

.6309 

.6199 

•  6135 

.6098 

.5414 

IMPUL  OPT 

176.96 

238.71 

279.11 

307,96 

321.13 

329.30 

365.33 

357.45 

366.63 

373.60 

378.88 

145.23 

IMPUL  VAC 

263.87 

291.37 

315.71 

336.71 

363.67 

369.29 

360.61 

368.87 

375.29 

380.17 

383.88 

258.71 

EPSILON 

1.056 

1.607 

2.805 

5.150 

7.617 

9.666 

18.316 

36.630 

66.331 

126.679 

261.759 

1.000 

PRESSURE*  PSIA 

lOCO 

398.1 

158.5 

63.10 

shifting  expansion 

25*12  16.70  10.00 

3.981 

1.585 

.631 

•  251 

.100 

565.3 

TEMP*  OEG  K 

3710.0 

3276.9 

2868.6 

2613.9 

1994.9 

1771.6 

U22.S 

1305.6 

1039.7 

820.1 

661.8 

699.7 

3440.0 

ENTHALPY  (•) 

-22.06 

16.91 

66.82 

73.96 

96.  SB 

107.81 

US. 09 

130.07 

162.06 

151.56 

159.03 

166.86 

1.46 

t  OAR 

S.838 

5.T30 

5.656 

5.619 

S.60B 

5*607 

S.60T 

5.606 

5.606 

5.606 

5.606 

5.606 

5.767 

N 

5.838 

5.730 

5.656 

5.619 

S.ROB 

5.607 

S..OT 

5.606 

5.606 

5.606 

5.606 

5.606 

5.767 

CP 

U1913 

.9670 

•  7663 

•  5890 

.SISO 

.6963 

.4834 

.6611 

.6615 

.4250 

•  6136 

.6081 

1.0562 

IMPUL  OPT 

179.30 

266.75 

288.99 

321.2} 

336.10 

34S.39 

363.76 

377.83 

388.62 

396.89 

403.23 

163.00 

IMPUL  VAC 

269.83 

301.66 

329,57 

3St.}4 

36U65 

3RS.16 

361.16 

391.17 

39I.8S 

606.73 

609.23 

262.96 

EPSILON 

1.072 

1.692 

3.031 

S.669 

8.193 

10.T31 

20.591 

39.660 

76.603 

167.063 

283.047 

1.000 

18.86  F 

.0087 

•  0029 

.0006 

Composition  shifting  (mol/ioo  cmi 
.0001  .0000  .0000  ,0000  .0000 

•  OOOO 

.0000 

.0000 

•  OOOO 

.0046 

-66.S0  F«M 

1.8631 

1.8690 

1.8512 

1.8518 

1.8519 

1.8519 

1.8519 

1.8519 

1.6519 

1.8519 

1.8519 

1.8519 

1.8473 

-26.10  F*H»e 

•  0000 

.0000 

•  OCOO 

•  0000 

•OOOO 

•oooo 

•oooo 

•  OOOO 

•  OOOO 

•  OOOO 

•oooo 

•  OOOO 

.0000 

S8.60  F«N 

•  0000 

.0000 

•  OCOO 

•  0000 

•oooo 

.0000 

•  oooo 

•  oooo 

.0000 

•oooo 

•  OOOO 

•  OOOO 

.0000 

-15.70  F»N»C 

•  0000 

.0000 

•  OCOO 

.0000 

•oooo 

•oooo 

•oooo 

.0000 

.0000 

.0000 

•oooo 

•  OOOO 

.0000 

i2.60  F«0 

•  0000 

.0000 

•  OCOO 

•  0000 

•  OOOO 

•oooo 

•oooo 

•  OOOO 

.0000 

•oooo 

•oooo 

•  OOOO 

.0000 

.00  F2 

•  0000 

.0000 

•  OCOO 

•  0000 

•oooo 

•oooo 

•oooo 

.0000 

.0000 

.0000 

.0000 

•  OOOO 

.0000 

S2.10  H 

•  2975 

•  1763 

.0777 

.0217 

•  0032 

•  0007 

•  0002 

.0000 

.0000 

•OOOO 

•oooo 

.0000 

.2181 

T9.20  H*N 

.0003 

•  0001 

•  OCOO 

•  0000 

•oooo 

•oooo 

•oooo. 

•oooo 

.0000 

.0000 

•  OOOO 

•  OOOO 

.0001 

-10.00  H«N»0 

•  0030 

•  0016 

•  0005 

•  0001 

•oooo 

•oooo 

.0000 

.0000 

.0000 

•oooo 

.0000 

•  OOOO 

.0019 

9.33  H«0 

•  1030 

.0517 

•  0173 

•  0031 

•0002 

•oooo 

•  oooo 

•oooo 

•oooo 

•oooo 

.0000 

•oooo 

.0697 

•  00  H2 

U2160 

1.2229 

1.2615 

U2595 

1.2670 

1.2681 

U2686 

1.2685 

1.2686 

1.2606 

1.2883 

1.2876 

1.2116 

60.30  H2*N 

•  0001 

•  0000 

•  0000 

•  0000 

•  OOOO 

•oooo 

.0000 

•  OOOO 

•oooo 

•oooo 

•  OOOO 

•  0000 

.0000 

-S7.80  H2«0 

•  7807 

•  8591 

•  9056 

•  9225 

.9257 

.9259 

•  9259 

.9259 

•  9259 

•  9259 

•  9259 

•  9259 

.8327 

-11.06  H3«N 

•  0001 

•oooo 

•  OCOO 

•  0000 

•OOOO 

•  OOOO 

•  oooo 

•  OOOO 

•oooo 

•  OOOO 

.0001 

•  0007 

.0000 

113.00  N 

•  0002 

•  0000 

•  OCOO 

•  0000 

•OOOO 

•oooo 

•oooo 

.0000 

•oooo 

•oooo 

•oooo 

•  0000 

.0001 

21.6S  N*0 

•  0179 

•  0071 

•  0C17 

•  0002 

•OOOO 

•  OOOO 

•oooo 

•oooo 

•oooo 

•oooo 

•oooo 

•oooo 

.0105 

8.06  N«02 

•  0000 

•  0000 

•  OCOO 

•  OOOO 

•oooo 

,0000 

•oooo 

.0000 

•oooo 

•oooo 

•oooo 

•oooo 

.0000 

.00  N2 

1.5696 

1.5558 

1.5590 

U5600 

1.5601 

1,5602 

U5602 

1.5602 

1.5602 

1.5601 

1.5801 

1*5598 

1.5538 

19.S0  N2«0 

•  0000 

.0000 

•  OCOO 

•  OOOO 

•oooo 

•oooo 

•oooo 

•  OOOO 

•oooo 

•oooo 

•  OOOO 

•  OOOO 

.OOOO 

S9.S6  0 

•  0161 

•  0063 

•  0007 

•  OOOO 

•oooo 

•oooo 

•oooo 

•oooo 

•oooo 

•oooo 

•OOOO 

•oooo 

.0072 

•00  02 

•  0036 

•  0012 

.0002 

•  OOOO 

•oooo 

•oooo 

•oooo 

•oooo 

•oooo 

•oooo 

•  OOOO 

•  OOOO 

.0019 

204- 


l.OOO 

2.000 

1.000 

4.000 

9.000 

4.000 

7.000 

o.ooo 

4.000 
10.000 
ii.OOO 
12.000 
1  i.oou 

14.000 
19.000 
lb. 000 
17.000 
10.000 
14.000 
20.000 
21.000 
22.003 
21.000 
24.000 
29.000 
24.000 
27.000 
29.000 
24.000 
10.000 
11.000 
12.000 
ll.OOO 
14.000 
19.000 
14.000 
17.000 
»«.OdO 
14.000 
40.000 
41.000 
42.000 
4 1.000 
44.000 
49.000 
44.0O0 
4  7.000 
49.000 
44.0CQ 
90.000 
7.417 


»C/7  P  PSU 

l.OCO  icoo.ooo 

1.922  949. 900 

4.474  100.211 

17.719  94.174 

29.017  19.447 

19.244  24. lit) 

90.0t7  14.471 

42.499  19.440 

74.041  II. U7 

'90.2CI  11.074 

IC9.194  4.910 

121.114  9.294 

117. 7al  7.299 

199.024  4.491 

1 72.410  9. 741 

140.440  9.24) 

2C9.929  4.  7«4 

227.0^4  4.401 

249. 4C9  4.079 

249.4(97  1.747 

294.9)4  1.414 

1C9.729  1.214 

111. 01)  t.C2l 

191.714  2.427 

174.711  2.499 

1S4.444  2*900 

421.171  2.142 

444.420  2.219 

470.9*4  2.12) 

444.114  2.C21 

917.919  1.411 

941,429  l.««7 

944.4*7  U770 

9«C.172  1.703 

411.442  l.el) 

419.994  1.971 

441.070  l.90a 

440.4*3  l.*47 

714. ICl  1.140 

747.771  1.117 

776.6(4  1.289 

«C9.4;4  1.241 

al9.4C2  1.147 

9(9.194  1.196 

949.1*1  I.U7 

42). 1*0  i.:9i 

499.729  1.(44 

466.279  l.Ci4 

1014.470  .441 

1047.714  .494 

1979.7(9  .427 

49.344  14.644 


iiCUtO  ltP90»ECl«Nr 
COMPOhENf  TMP  P0I6MM.4 
016  9 
U9  0«f2 
291  N2*M4 


6M/CC  (XC9L/P' 

t.9l  »1.S 

1*004  •12.09 

POOtIb  CIPAHSION 
C  STAM  •  44)2*9  Ff/SEC 
TEMP  I7.T1>ALPV  CP  CAL/  I  OPf  OELVAC  OElVAC  I  SEA 


OEO  R  KCAL/tOOCP  CM  DEC 


1710. 

124S.S 

2290.9 

lOfS.S 

1791.4 
144<}.0 
lS44.t 
146). 9 

1 149.9 
U19.0 
1299.2 

1244.9 

1209.7 

1170.4 

1114.9 

1110.4 

1094.7 

1040.4 
10  19.4 

1017.4 
449.2 

490.1 

441.1 
447.) 
412.0 
4|  7.  7 

404.1 
9  )t.2 
874.0 

947.1 

994.1 

949.4 

919.2 

829.4 
816.0 

804.4 

749.2 
7«4.9 

791.7 

771.4 

744.1 
794.0 

741.4 
74). I 
7)8.9 
7)2.0 

729.9 

714.7 
7)1.9 

709.1 

702.9 
14)4.0 


22.04 
•2.20 
-94.41 
-44. «9 
-74.99 
-94.19 
-41.14 
-49.09 
•49. 11 
-ICl.Ol 
-10.19 
-IC9.)9 
-1C7.14 
-lCt.74 
■110.14 
-111.48 
-112.44 
-111.79 
-114.74 
-119.47 
-114.9) 
-117.1} 
-1 19.04 
-119. 74 
-I  14.46 
-120.04 
-120.49 
-121.24 
-121.79 
-122.24 
-122. 77 
-121.21 
•121.49 
-124. 10 
-124. 91 
•124.40 
-129.27 
-129.44 
-129.48 

-124.12 
'124.44 
•126.46 
-127.26 
-127.99 
•127.9) 
•129. II 
-129.17 
-129.4) 
•129.99 
•124.12 
•124.14 
•44.90 


.944 
.941 
.914 
.904 
.449 
.4M 
.442 
.474 
.412 
.449 
.449 
.442 
.494 
.497 
.494 
.492 
.491 
.464 
.467 
.464 
.464 
.44) 
.442 
.461 
.460 
.4)4 
.4)9 
.417 
.4)4 
.4)9 
.4)4 
.4)) 
.4)) 
.4)2 
.4)1 
.4)1 
.4)0 
.4  10 
.424 
.424 
.429 
.429 
.427 
.427 
.426 
.424 
.424 
.429 
.429 
.424 
.424 
.479 


149.2 

291.4 

292.9 

247.4 
>04.9 
II). 6 

119.2 

121.4 

127. 2 
1)0.1 
1)2.9 
1)9.1 
1)7.1 

119.2 

140.9 

142.1 
141.7 
149.0 
>44.1 

147.2 

149.2 
149.2 
190.0 

190.9 

191.6 

192.4 
19). I 
19). f 
196.) 

194.9 

199.9 
194.0 

194.4 
197.1 

197.9 
199.0 

199.4 

198.4 
194.) 

194.7 
140.0 

140.4 


141.6 

)4).7 

)42.0 

142.1 
142.4 
142.9 

121.1 


/P 

.207 
.4)4 
.424 
.947 
1.019 
1.249 

1.490 
1.494 
1.941 
2.070 
2*294 
2.900 
2.719 
2.927 

1.1) 4 
1.  1)4 
).9)b 
).72A 
).9)9 
4.142 
4.  )9> 
4.407 
4.929 
9.049 
9.266 

9.491 
9.49/ 
9.  894 
8.10) 
4.)02 
4.497 
4.497 
6.87) 
7.096 

7.2) 9 
7.641 
7.48) 
7.904 
9.129 
•  .)91 
8.97) 
8.  799 
9.017 

9.2) 7 
9,697 
9. 474 
9.99) 

9.9  10. 104 
9.9  1C. 12) 
9.8  IC.914 
22.9  1.914 


111.9 

41.7 

19.2 

10.2 

27.1 

24.9 

21.1 

21.9 

20.4 

19.7 

19.9 

19.1 

17.9 
17.9 

14.4 

U.O 

19.4 

19.2 

14.8 

14.9 

14.2 

11.4 

11.7 
l).4 

11.2 

12.4 

12.7 

12.9 
12.1 
12.2 
12.0 

11.4 

11.7 

11.9 
>1.4 
11.1 
11. 1 
U.O 

10.9 

to. a 

10.4 

19.9 
10.4 
10.1 
10.2 
10. 1 
10.0 


LVL 

299.  7 
299.9 
>09.0 
>19.1 
>19.7 
>20.4 
)2I.O 


t  AT 
1 0000 

294. A 

297.8 
>11.7 

118.9 
>2).) 
>29.9 
)27.9 
>29.) 
)28.7 


t  AT  I  VAC 
90000 


299.4 
)0U9 
>17,1 
)2A.l 
1J2.1 
>14.9 

119.9 

142.9 
144.  7 

144.4 

147.4 
>49.1 
190.2 

191.1 

191.9 

192.4 
19). 2 
19}, 9 
>96.2 

196.4 

196.9 

199.2 

199.6 

191.6 

191.8 
194.0 
19b. I 

196.2 
114. 1 

194.6 
)9b.4 

196.9 


121.1  127.4  >61,1 


299.7 

102.2 

119.1 
>27.6 
>19.9 
)>9.7 
142. > 
149.) 

147.8 
190.0 

191.8 

191.4 

194.9 

194.1 

197.1 
199.) 
199.) 
>40.  I 
>61.0 
141.7 

142.4 
141.  I 
141.  7 
146.  1 

144.9 
149,  1 

169.9 

144.1 
144. 

147.1 

147.9 

147.4 
>49.2 

149.4 
>49.4 

144.2 

144.9 
l4«.8 

170.1 

170.6 

170.7 

170.9 
>71.2 

171.6 

171.4 

171.9 

172.1 
172.1 

172.9 

172.7 

161.7 


CP  SEA  CP  VAC 
LVL 


1.214 

1.431 

1.494 

1.924 

1.941 

1.944 

1.99) 


1.291 

1.462 

1.9>9 

1.914 

1.419 

1.4)9 

1.494 

1.470 

1.492 

1.441 

l.TOt 

1.709 

1.714 

1.722 

1.729 

1.7» 

1.719 

1.742 

1.744 

1.744 

1.791 

1.794 

1.799 

1.742 

UT64 

1.747 

1.744 

1.771 

1.771 

1.779 

1.777 

1.779 

I.THI 

1.78) 
1.794 
1.794 
1.797 

1.789 

1.790 

1.791 

1.79) 
1.794 
1.799 
U796 
1.797 
1.749 

1.900 

1.901 

1.902 


EP9UCN 


1.000 
2.000 
1.009 
4.003 
9.000 
4.000 
7.000 
8.000 
4.000 
10.000 
ll.OOO 
12.000 
i  1.030 
16.000 
19.0U0 
18.000 
17.000 
18.000 
19.000 
20.000 
21.000 
22.000 
21.000 
24.000 
29.000 
24.000 
27.000 
28.000 
29.000 
10.000 
>1.000 
>2.000 
>>•000 
14.000 
19.000 
14.000 
1 7.000 
19.000 
19.000 
60.000 
41.000 
42.000 
41.000 
44.000 
49.000 
44.000 
47.000 
49.000 
49.000 
90.000 
9.19) 


ar  <p  6  0VIA 

1.0(0  UOU.COO 

l.7e4  949.292 

■  .r«6  111.867 

t9.7(.2  61.488 

26.9*4  60.7)4 

11. 866  29.16* 

61.121  22.4/4 

96.664  18,  140 

49.812  11.141 

77.921  12.811 

40.1t0  II. (62 

10.414  9,467 

117.46/  8.109 

1)2.180  7.141 

167.161  4.791 

162.1(4  4,|l6 

178.111  1.816 

191.4(1  1.117 

2C1.8l'l  6.744 

221.771  6,629 

261.767  6.1)7 

218.6(1  1.847 

277.019  1.610 

291.814  1.180 

111.022  1.176 

>16,640  2.490 

>16.217  2.82) 

176.161  2.67) 

>46.279  2,1)6 

614.1))  2.612 

4)4.881  2.214 

419.297  2.144 

6  71.760  2.102 

494.189  2.CI9 

914. 4C7  1.414 

934.984  1.842 

997.249  1.794 

977. 9JB  1.7)1 

997.44)  1.471 

417.717  1.419 

418.9)1  1.169 

442.412  1.109 

684.174  1.417 

710.80  1.607 

719.286  1.140 

780. 0C9  1.114 

786.916  1.274 

8IO.ll*  1.214 

•19.488  1.197 

•tl.0C4  1.141 

•B4.7C4  1.128 

88.044  14.494 


9n|8t|MO  fl8A49IOM 
C  9t88  •  4824.4  Pt/SEC 
Tf«P  (Rt^ALPT  CP  CA17  i  OPt  OElvAC  DtLVAC 


CEs.  •  aCAL/lOOO*  CM  OfC 
1710.0  72.96  1.191 

>440.0  *1.44  1.094 

2  71*. 2  -99.79  .487 

2620.9  -71.94  .991 

2220.8  -84.7)  .947 

2072.9  -92.94  .924 

1997.)  -98.90  .911 

1841.1  -10). 2*  .902 

1  789,1  -107.16  .*.99 

1718.6  -110.6)  .*90 

1440.*  -111.29  .684 

1409.*  -119.72  .*82 

1166.0  •117.91  .*79 

1921.2  -119.84  .*76 

1484.2  -121.42  .*7* 

1692.6  -121.21  ,*7l 

1421.6  -124.47  .*49 

1)92.8  -124.01  .447 

1)46.2  -127.29  .449 

l)6|,l  -128.60  .464 

I) 18.6  -129.67  .462 

1296*7  -I  10. *7  .660 

1276.)  -I)l.*l  .*99 

1297,0  -112.29  .*»• 

12)8.8  -111.12  .696 

1221.9  -1)1.91  .499 

1209.1  -11*. 61  .49* 

1189.1  -1  19*14  .49) 

1176.4  -1)4.06  .492 

1140.4  -IJ4.48  .*50 

1164.8  -117.29  .4*9 

II) 1.8  -117.07  .448 

1121.)  -116. «)  .4*8 

1109.2  -118.97  .647 

1097.7  -119.49  .444 

1084.4  -1)9.98  .449 

1079.9  -1*0.46  .444 

1041.9  -140.91  .4*1 

1099.9  -141. )4  .4*1 

1049.9  -141.78  .442 

1014.9  -142.19  .441 

1027.9  -142.99  .44) 

1018.7  -142.98  .440 

1010.2  -1*1.19  .4)9 

1002.0  -141.72  .4)9 

996.0  -144.07  .4)8 

984.2  -144.41  .4)7 

978.4  -144.74  .4)7 

971.2  -149.04  .436 

964.1  -149.17  .436 

997.1  -149.48  .419 

1771.4  -107.81  .494 


/P 

161.0  119.9  .212 

240.8  90.1  .440 

288.4  40./  .440 

104.8  )9.)  .846 

119*8  11. I  1.076 

121.8  29.)  1.279 

1)0.1  27.4  1.490 

))9*2  29.8  1.699 

1)9.9  26.9  1.912 

)6).|  2). 9  2.126 

>46.2  22.9  2.1)4 

)68.9  21.7  2.994 

)9l.*  21.0  2.777 

)91.9  20.6  2.998 

)99.9  19.8  ).2l7 

)97.>  |4.)  1.4)6 

>98.9  18.8  1.664 

>40.4  18.4  1.896 

>41.8  18.0  4.097 

)4).0  17.4  6.219 

>46.2  17.1  6.642 

149.4  14.9  4.490 

146.4  16.6  4.917 

167.4  16.)  9.147 

)48.1  16.1  9.179 

169.2  19.8  9.602 

170.1  19.4  9.828 

170.8  19.)  4.091 

171.4  19.1  4.272 

172.1  14.9  4.691 

171.0  16.7  4.704 

171.4  14.9  4.918 

>74.)  14.4  7.124 

174.9  14.2  7.11) 

179.4  14.0  7.9)1 

376.0  13.9  7.728 

374.9  D.T  7.921 

177.0  ll.b  8,110 

177.9  11.4  8.29$ 

>78.0  11.)  8.492 

>78.4  13.2  8.719 

178.9  13.8  8.94? 

379.3  12.9  9.179 

179.7  12.8  9.40) 

180.1  12.7  9.411 

180.9  12.4  9.099 

)80.9  12.9  10.084 

181.3  12.3  10.316 

381.4  12.2  10.941 

>82.0  12.1  10.747 

334.1  29*9  1.738 

-«05- 


I  sea 

IVL 

299.8 
>04.4 
>19.8 
>27.4 

111.8 
114.6 
119.4 
114.1 


316.1 


I  AT 

looeo 


240.8 

104.) 

322.4 

1)1.2 

1>4.9 

>60.0 

162.2 

>61.4 

166.6 

166,7 


242.4 
>10.1 
>21.1 
>>8.4 
>69.7 
191.0 
191.0 
111.1 

180.7 
>62.9 
>86.7 
>84.) 

167.4 

148.8 
18V. 8 

170.7 
>71.9 
>72.2 
>72.8 
)7>»6 

171.9 
>74. > 

176.7 
179.0 
>79.2 

179.9 
>79.7 
>79.9 
174.0 
>74.2 
174. > 

174.4 
>74.9 
174*9 
174.4 

174.7 
174.7 


742.9 
>10.8 
129.2 

140.1 

347.4 

393.1 

397.9 
>41.0 
144.0 

144.9 
>48,  7 

170.4 

172.6 

171.9 

179. 1 

174.9 
>77.7 

170.8 

179.7 
>80.6 

181.9 
182.) 
>81.0 

181.7 
>84.6 
389.0 

389. 6 

184.2 

314.7 

387.2 

187.7 

>88.2 

388.4 

189.1 

389.9 
>•9,9 

390.2 

190.4 

190.9 
>91.) 

191.4 

391.9 

392.2 

192.9 

192.8 
)9>.l 
19). 4 
>91.4 
>93.9 
394.1 
141.7 


1.219 

1.4)9 

1.907 

1.943 


1.982 

1.984 


1.229 
1.449 
1.991 
1.401 
1.4)8 
1.444 
1.489 
1.702 
l.Tlb 
1.727 
1.718 
1.767 
1.799 
1.742 
1.749 
1.779 
1.700 
I.T89 
1.790 
1.796 
1.798 
1.802 
1.809 
1.809 
1.812 

1.819 
t.IlT 

1.820 
1.82) 
1.829 
1.827 
1.8)0 
1.8)2 
1.8)4 

1.8) 4 

1.8) 7 

1.8) 9 
1.041 
1.84) 
1.844 
1.844 
1.847 
1.849 

1.890 

1.891 
1.893 
1*894 
1.899 

1.896 

1.897 
..984  1.704 


PRESSUKE  PROFILE  DAT* 

SVSTEP  LKUIO  8IPR9PELLRNT  PC  1000.  PSU 


COMPONENT 

TREE  EOPMULA 

OENStTV 

MEAT  FORM 

WT, 

OEG  K 

6H/CC 

IRCAL/FORM.HT. 

> 

128  a«P2 

U8) 

A}.S 

S6. 

248  N2*H4 

1.004 

»12.0S 

44. 

PRESSURE*  PSU 

CHAMBER 

1000  19B.I 

BULK  DENSITY  •  1.245  GM/CC 

MIXTURE  RATIO  >  1.275  L8  OXIDIZER  /  L8  OF 

PRESSURE  PROFILE  DATA 

CHAMBER  entropy  510.08  EU/IOOCHS 

FROZEN  EXPANSION 

158.5  65.10  25.12  14.70  10*00  5.981 

FUEL 

1.161 

.611 

.211 

.100 

THROAI 

168.1 

fEHPi  OEG  K 

59i0*8 

5224.2 

2652.5 

2117. A 

1722.9 

1515.9 

1576.8 

1069.6 

811.6 

661.1 

112.8 

191.1 

1616.1 

ENTHALPY  (-) 

-20.17 

15.92 

45.47 

69.11 

89*01 

98.55 

104.64 

117.07 

126.66 

116.11 

160.61 

161.00 

6.17 

CP 

.5159 

•  5054 

•  4928 

.6761 

•4607 

•  4500 

•  4418 

.6211 

.6076 

.1966 

.1898 

.1861 

.1091 

IMPUL  OPT 

177.21 

258.97 

279.16 

508.19 

521.55 

529.51 

161.16 

117.61 

166.61 

171.78 

179.06 

161.11 

IMPUL  VAC 

264.18 

291.65 

111.91 

554.91 

545.87 

349.49 

160.61 

169.06 

171.67 

180.16 

186.06 

219.01 

EPSILON 

1.055 

1.605 

2.800 

5*140 

7*405 

9*649 

16.266 

16.776 

66.198 

126.121 

260.688 

1.000 

pressure*  PSU 

1000 

598.1 

158.5 

61.10 

SHIFTING  EXPANSION 
25*12  14.70  10.00 

1.961 

1.161 

.611 

.211 

.100 

169.0 

TEMP*  0E6  K 

3950.8 

5550.8 

5157.6 

2761.6 

21.1.2 

2161.7 

1977.6 

1611.6 

1101.9 

1019.7 

822.2 

666.9 

1681.6 

ENTHALPY  l-J 

-20.17 

17.10 

49.78 

76.12 

102.61 

111.29 

121.62 

160.11 

116.01 

161.06 

171.81 

180.70 

1.22 

X  BAR 

5.529 

5.598 

5.289 

1.210 

1.170 

1.160 

1.116 

1.116 

1.116 

1.116 

1.116 

1.116 

1.667 

N  . 

5.529 

5.598 

5*289 

1.210 

1.170 

1.160 

1.116 

1.116 

1.116 

1.116 

1.116 

1.116 

1.667 

CP 

1.4589 

1.2856 

U0426 

.7666 

.1661 

.10*1 

.6626 

.6101 

.6291 

.6107 

.1966 

.1616 

1.1166 

IMPUL  OPT 

180.07 

246.70 

292.71 

127.16 

161.29 

111.66 

171.67 

169.11 

601.62 

610.80 

618.01 

162.66 

IMPUL  VAC 

271.57 

505.22 

111.12 

119.6T 

171. 11 

176.19 

192.92 

606.21 

612.97 

619.72 

626.91 

266.17 

EPSILON 

1.076 

1.729 

1.177 

6.061 

*.(76 

11.681 

22.662 

66.066 

61.668 

166.121 

122.016 

1.000 

18.86  P 

.0255 

•  0108 

•  0C40 

COMFOIITIOM  SHIFTING  (MOl/lOO  CHI 

.0010  .0001  .0000  .0000  .0000 

.0000 

.0000 

.0000 

.0000 

.0168 

-64.50  F*H 

2.0505 

2.0655 

2.0701 

2.0751 

2*0740 

2*0741 

2*0741 

2.0741 

2.0761 

2.0761 

2.0761 

2.0761 

2.0192 

-26.10  F«H«C 

.0000 

•  0000 

•  0000 

•  0000 

•0000 

•  0000 

•  0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

.0000 

58.60  F«N 

•  0000 

•  0000 

•  0000 

•  0000 

•0000 

•  0000 

•  0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

.0000 

-15.70  F»N*C 

•  0000 

•  0000 

•ocoo 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

.0000 

i2. 40  F*0 

.0000 

•  0000 

•  ocoo 

•  0000 

•0000 

•  0000 

•  0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.00  F2 

•  0000 

•  0000 

•  ocoo 

.0000 

•  0000 

•  0000 

•  0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

.0000 

52.10  H 

•  5449 

•  2559 

.1451 

•  0684 

•0205 

•  0075 

•  0051 

•  0002 

.0000 

.0000 

.0000 

.0000 

.2761 

/9.20  H«N 

•  0004 

•  0001 

•  0000 

.0000 

•  0000 

•  0000 

•  0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

.0002 

-10.00  H*N*a 

.0048 

•  0028 

•  0014 

•  0005 

•  0001 

•  0000 

•  0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

.0011 

9.53  H«0 

.1955 

•  1554 

•  0766 

.0297 

•  0059 

•  0015 

.0005 

•  0000 

.0000 

.0000 

.0000 

.0000 

.1190 

.00  H2 

•  7455 

•  7042 

•  6756 

•  6611 

•6654 

•6690 

•  6705 

•  6717 

.6716 

.6718 

.6718 

.6718 

.7189 

40.50  H2«N 

•  0001 

•  0000 

•  OQOO 

.0000 

•  0000 

•  0000 

•  0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

.0000 

-57.80  H2*0 

•  7044 

•  8228 

•  9267 

•  9990 

U0502 

1.0555 

1.0565 

U0570 

I.OITO 

1.0170 

1.0170 

1.0170 

.7778 

-11.04  H5«N 

•  0000 

•  0000 

•  OCOO 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

.0000 

115.00  N 

•  0004 

.0001 

•  ocoo 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

.0002 

21.65  N«0 

•  0448 

.0264 

•  0125 

•  0056 

•0005 

•  0001 

•  0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

.0131 

8.06  N»a2 

.0000 

•  0000 

•  0000 

•  0000 

•0000 

•  0000 

•oooo 

•  0000 

.0000 

.0000 

.0000 

.0000 

.0000 

*00  N2 

1.3476 

1.5582 

1.3661 

1.5709 

1*5726 

U5729 

U5729 

1.5729 

1.1729 

1.1729 

1.1729 

1.1729 

1.1166 

19.50  N2«0 

.0000 

•  0000 

•  0000 

•  0000 

•0000 

•0000 

•  0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

.0000 

59.56  0 

•  0502 

•  0258 

•  0095 

.0019 

•0001 

•  0000 

•  0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

.0161 

.00  02 

.0186 

•  0119 

•  0C55 

•  0012 

•  0001 

•  0000 

•  0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

.0166 

54.10  05 

•  0000 

•  0000 

•  OCOO 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

.0000 

206- 


^SlLON 


l.OOO 
2.000 
i.OOO 
4.000 
).000 
6. QUO 
T.OOO 
1.000 
4.000 
10.000 
U.OOO 
12.000 
li.OOO 
14.000 
14.000 
16,000 
17.000 
16,000 
14,000 
20.000 
21,000 
22,000 
21,000 
24.000 
24.000 
26.000 
27.000 
26.000 
24.000 
10.000 
11.000 
i2.oua 
11.000 
14.000 
14.000 
16.000 
li.OOO 
16.000 
14.000 

«o.ooo 

41.000 

42.000 

41.000 

44.000 

44.000 

44.000 

47.000 

46.000 

44.000 

40.000 

I.4C1 


l.OOO 

2.000 

1.000 

4.000 

4,000 

6.000 

7.000 

6.0U0 

<<.000 

10.000 

U.OOO 

12.000 

11.000 

14.000 

14.000 

16.000 

17,000 

16.000 

14.000 

20.000 

21.000 

22.000 

26.000 

24.000 

24.000 

26.000 

27.000 

26.000 

24.000 

10.000 

11.000 

12.000 

16.000 

16.000 

14.000 

16.000 

17.000 

66.000 

64.000 

40.000 

41.000 

42.000 

43.000 

44.000 

44.000 

46.000 

47.000 

40.000 

44.000 

40.000 

6.170 


System  licuid  Bli>6a»«i.l.6Ht 

COMPONfMT  ttlE  FS0HUL6 
DEG  6 
116  0*62 
240  N24H4 


PC/t> 

l.OCO 
1.021 
10. 0 10 
17.741 
20.110 
16.147 
40.2C4 
42.026 
76.264 
40.4C4 
ICS. 417 
121  ,416 
1  16,  I  1  7 
144.161 
I  M.O  76 
141.076 
2C4.266 
227.461 
244.047 
246. OeO 

267.494 

1C4.4C2 
Ml.  7  44 
144,4  74 

U7.412 
4C0. 740 
424.241 
4<i7.6«0 
471. SCI 
44S,14S 
418.0/4 
442. 4C7 
>46  •  C'**  Vi 
464. SIS 
612.696 

6  J7  .Of:* 
444  .«  14 
692.447 
720.6  71 
746. SJ4 

7  76  . S24 
•C7.e20 
617. liS 
447.226 
•97.292 
427. Se6 
946.0  ]1 

966.644 
1014.414 
1040. 1J7 
lOU.  119 

46.046 


6  M4U  7EM6  E1i7m«lPV 


UOO.COO 
466.402 
44,040 
46,204 
14.464 
26.C44 
14.417 
14.416 
16.112 
U.C44 
4.406 
0.2S6 
7.240 
6.466 
4.  776 
4.214 
4.  774 
4.  144 
4.C67 

1.  746 
1.479 
1.262 
1.014 
2.621 
2.649 
2.44S 
2.147 
2.211 

2.  121 
2.C14 
1.927 
1.64} 
I.  7«7 
1.646 
1.612 
1.470 
1.404 
1.444 
1.  167 
l.il4 
1.264 
1.216 
1.  lY* 
1.141 
1.  U4 

1.076 

1.046 

I.CIl 

.461 

.942 

.424 

16.644 


OIG  K  RC6L/100Gn  OM  06G 


»C  1000.  Piu 

OE/isify  neai  foom 

CH/CC  IKGii/POHM.HT. 

1*41  •l.S 

t.004  *12.04 

Poe/f*  cipoiygion 

C  4160  •  6649.1  7T/4EC 
CP  C4L/  1  OPt  0CCV6C  OEltfOC  I  416  I  61 


1410.0 

1446.1 
2406.0 
2064.0 
1661.6 
1714,7 

1611. 1 
1444.4 

1472.6 
1411.0 

1144.2 

1111.2 

1272.3 

1214.6 

1202.4 
U72.4 
1144. t 

1114.4 

1044.4 
1074.0 

1041.4 

1014.4 

1016.4 

994.6 

461.6 

966.4 
944.2 

440.6 

427.4 

914.1 

901.4 

642.2 

661.4 
671.0 
661 . 1 

•  41.4 
642.  1 

611.4 
•24.6 

•  16.6 

606.6 

600.6 

741.4 

766.1 
779.  1 
772.  » 
764.7 
744.  1 

741. 1 
747,0 

741.1 

1411.4 


20.17 
-9.17 
-46.40 
•72.04 
•81.66 
•66.24 
-41.22 
-S7.U 
-100.30 
-10.04 
-IC4.61 
-IC7.66 
-104.22 
-110.01 
-112.24 
-111.46 
-114.72 
-114.00 
-116.00 
-U7.72 
-1 16.40 
-119. 14 
-120. 16 
-120.04 
-121.41 
-122.16 
-122.71 
-121.30 
-121.01 
-124. 16 
-124.62 
-124.24 
-124.71 
-126. 14 
-126.46 
-126.44 
-127.13 
-127.64 
-126.06 
-126.17 
-126.70 
-124.01 
-124.31 
•129.60 
-129.69 

•  no.  16 
•110.6} 
-U0.6B 
-110.41 
•111.16 
•111.61 
•96.41 


.416 
.404 
.407 
.476 
.660 
.662 
.446 
.642 
.440 
.444 
.461 
.610 
.634 
.611 
.631 
.624 
.627 
.624 
.424 
.422 
.421 
.420 
.416 
.617 
.616 
.614 
.616 
.61  1 
.612 
.612 
.611 
.610 
.609 
.604 
.600 
.607 
.607 
.606 
.606 
.604 
.604 
.606 
.606 
.603 
.601 
.601 
.602 
.602 
.602 
.601 
.601 
.640 


164.4 

244.0 

203.3 
247.7 

307.1 

316.1 

314.4 

321.6 

127.4 

130.4 

133.2 

114.4 

337.6 

334.6 

341.1 

362.6 

161.4 

164.2 

166.6 

167.4 
166.6 

164.4 

140.1 

141.1 

141.4 

142.6 
141.} 
14). 4 

144.6 

145.2 

344.7 

346.1 

146.6 

347.1 

147.6 

346.2 

346.7 

144.1 

344.4 

344.4 

360.1 
160.6 
161.0 

361.1 
161.6 
162.0 

362.1 
362.6 

362.4 

361.1 

121.1 


113.4 

63.6 

34.1 

30.1 

27.1 

26.6 

23.1 

21.7 

20.6 

14.7 

10.6 

10.1 


16.4 

16.6 

16.0 

14.6 

14.2 

16.6 

16.4 

16.2 

13.4 
13.6 

13.6 

13.2 

12.4 

12.7 

12.4 

12.1 

12.2 
12.0 
11.6 

11.7 

11.4 
11.6 
11.2 
II. I 
11.0 

10.4 

10.7 


/P 

.207 

.636 

.624 

.667 

1.039 

1.266 

1.641 

1.646 

1.664 

2.07? 

2.267 

2.401 


10.4 
10.6 
10.3 
10.2 
10. 1 
10.0 


LVL 

246.0  256.4 

246.1  249.1 

309.2  112.0 

314.6  114.1 

316.4  321.4 

320.6  326.1 

J21.1  127.7 

126,6 

128.9 


17.4  2.716 


2.4)0 

1.1)4 

3.162 

1.460 

1.7)1 

1.466 

6.167 

6.  140 
6.61) 
6.6)6 
4.046 
4.272 
4.666 
4.646 
4.404 
6.104 
6.  106 
6.40) 
6.64) 
6. 674 
7.061 

7. ?66 
7.670 
7.64? 
7.414 
6.116 

.  161 


6.46) 
6.604 
4.0?7 
4.267 
4.667 
4.666 
4.401 
10.114 
4.6  I0.))6 
4.6  10,467 
22.4  1.41? 


121.1  126.1 


246.7  244.0 

101.6  )02.4 

117.6  116.6 

126.6  )27.6 

1)2.4  1)6.2 

1)6.1  3)6.4 

160.1  142.6 

162.1  364.6 

166.9  166.1 

166.7  140.2 

166.1  342.0 

164.6  141.6 

)4u.6  144.1 

141.3  146.1 

142.1  >47.4 

142.6  146.4 

34). 4  349.4 

146.0  160.6 

146.4  161.2 

146.6  161.9 

)44.1  162.6 

144.6  163.1 

144.7  161.4 

144.4  366.4 

146.0  )64.0 

146.2  164.4 
14b. i  166.0 

146.6  166.4 

146.4  166.4 

)Sb.6  167.1 

)’jb.6  )67.7 

146.7  166.1 

166.4 

166.6 

164.1 

164.4 

164.6 

170.1 
170.  ) 

170.6 

170.4 

171. 1 

171.6 
171.6 

171.6 

172.1 
172. 1 

172.4 

172.7 
172.4 

161.1  1*1.9 


1.2)7  1.241 
1.411  U662 
1.444  1.416 
1.526  1.564 
1.561  1.616 
1.564  1,6)7 
1.552  1.645 

1.6  70 
1.662 
1,642 

i.roi 

1.706 
1.7)5 
1.722 
1.727 
1.712 
1.737 
1 . 761 
1.764 
1.769 
1 .  742 
1.755 
1.746 

1.761 
1.  761 
1.766 
1.766 

1.7  70 
1.77) 
1.774 
1.776 
1.776 

1.760 

1.762 

1.761 
1 ,  764 
1.766 
1.766 
1.764 
1.740 
),742 
1.  741 
1.746 

1.744 
1.746 
1.746 

1.744 
1.600 

1.101 

1.102 

1.442  1.66) 


-C/F 

1 .9C0 
1.747 
6.1*2 
14.0*2 
22.416 
JO. 9  J6 
14.2  71 
69.B66 
49.4)* 
e).)74 

I0.4C6 
91.96) 
IC1.6«6 
U6.662 
124.69? 
162. 4C6 
146.61) 
1 70.460 
166. 66) 
146.926 
211.267 
227.692 
261.464 
246. 4s; 

271.667 
240. 2C8 
)C7.266 
126.4  10 
362.026 
144.710 
177.567 
145. 5C0 
611.566 

6) 1 .696 
669, 468 
660.066 
606.262 
5C6.66) 
422.540 
>60.641 
540.73) 
476. 7C4 
546.611 
612. 6J6 
630.111 
640.436 
672.067 
643. 166 
716.066 

7) 6.546 

740.667 
68.066 


p  "414 

UOO.COO 
464. w2J 
119.671 

66.661 
66, 6\  1 

32.  >21 
24.666 
20.66* 
16.466 
16,61* 
12.622 
10.672 
4.62« 
0.466 
7.  722 
6.446 
6.  164 

5.661 
4.614 
4.02  7 
6.669 
6.  346 
6.1)1 
1.641 
1.647 
3.666 
1.244 
1,C6I 
2.426 
2.769 
2.664 
2.526 
2.616 

2. 316 
2.223 
2,136 
2.057 
1.462 
1.416 
1.064 
1.  740 
1.716 
1.602 
1.633 
1.407 
1.516 
1.6IH 

1.662 
1.344 
1.356 

1.316 
14.646 


««MP  ISf^blPY 
CEO  «  tCOiMOOGM 

1410.6  20.  17 

1661.6  •1.22 

1063.4  -47.66 

2614.0  -76.02 

2614.2  -17.66 

2491.0  •96.0) 

2)67.9  •tC2.66 

2241.)  •1C7.69 

2206.0  -112.03 
2114.)  -U4.71 

2071.1  -tie. 40 

2011.7  -121.64 

1*62.2  -126.16 

1414.6  -126.60 

1671.2  -126.60 

1616.3  -110.23 

1740.3  -1)1.90 

1764.0  -113.66 

17)6.0  -1)6.07 

1704.1  -1  )6.14 

1677.4  -1  )7.61 

1642.6  -no. 40 

1620.1  •1)4.67 

1604.6  -1*0.64 

1406.2  -1*1.64 

1461.0  -1*2.57 

14*6.6  -163.61 

1426.0  -1*6*24 

1400*6  -164.06 

1641*4  •145.70 

1674.6  -t«6*40 

1644.9  -1*7.10 

|**4.0  -167.01 

1630.7  '160.66 

1616.4  -1*4.06 

1*05.7  '1*4.6* 

1)90.0  -150.20 

1)70.5  -150.76 

1)66.5  -151.26 

1355.0  -151.76 
1163.0  -1)2.24 
1)32.9  -142.71 

1322.6  '143.16 

1112.2  •143.60 
1)02.3  •156.03 

1242.6  '156.66 

1205.1  -156.06 

1276.2  -155.23 

1265.3  -155.61 

1256.7  -155.48 

1260.2  -156.36 

2163.7  -1)5.24 


5H|rt|NC  EtPASMON 
C  Stoa  •  6070.1  PT/SEf 
CP  C6l/  1  OPT  0E1.Y6C  0E1.V6C  I  SE6 
GM  DEG  I9i 

1.6)4 

1.145  162.7  121.4  .21*  261.0 

.972  260.7  42.6  .*61  ler.i 

.740  204.5  61.6  .656  521,4 

.66)  306.)  18.6  .069  1)2.2 

.616  316.0  34.2  1.06"  >>7.2 

.470  326.6  32.7  1.283  >60.5 

.561  311.5  30.7  1.649  362.2 

.521  3)4.1  24.)  1.712  363.0 

.507  >61.0  27.7  1.922 

.696  >67.6  26.6  2.1)0 

.607  351.)  24.6  2. >41 

.601  346.6  26.7  2.46* 

.674  347.1  23.9  2.704 

.671  144.4  23.2  3.007 

.667  361.7  22*6  3.230 

.666  363*7  22.0  3.641 

.661  364*6  21.4  1*670 

.654  367.1  21*0  1.006 

.656  360.6  20.6  6.046 

.654  370.)  20.2  6.307 

.641  371*6  19*6  6.410 

.641  372.4  14*5  6.704 

.640  376.1  14.1  6.917 

.660  374.2  10.8  4.166 

.667  376.)  10.4  4.176 

.664  >77.)  10.2  4.604 

.666  370.2  18.0  4.034 

*663  379*1  |7.7  6.066 

.662  380.0  17*4  6.242 

.661  >80.8  17*3  6.418 

.660  381*6  |7.0  6.76) 

.6)4  302.)  16.8  6.464 

.638  301.0  16.6  7.104 

.6)7  181.7  16.4  7.601 

.6)6  386.6  16.)  7.617 

.6)5  384.0  16.1  7. 020 

.636  304.6  15.4  0.036 

.636  306.2  14.0  6.261 

.6)3  306.7  14.6  0.662 

.6)2  )07.)  14.4  0.660 

.431  307.0  14.)  0.0)6 

.431  308.3  14.2  4.024 

.4)0  >88.8  14,0  4,21) 

.430  384.5  16.4  4.347 

.424  384.7  16,0  4.623 

.620  3*0.2  16.7  4,841 

.428  3*0.6 

.427  3*1.1 

.426  3*1.4 

.42*  341.* 

.408  36).) 


>26.6 

3)6.0 

>62.0 

366.1 

>*0.6 

340.6 

141.6 
>42.6 

142.7 


263.6 
M2. 8 
*32.0 
14). 6 

341.3 

147.1 

161.6 

364. 1 
*66.2 
170.7 

172.4 
>76. 7 

176.2 

*rr.6 


266.2 

111.4 
13). I 
>66.4 
>43.2 
>44.) 
16*. 2 
166.2 
*71.4 
>7*. 6 

176.4 
174.1 
101.9 
102.  7 


170.0  16*.) 


16.4  10*080 
16.6  10.304 
16,3  10.4)4 
14,2  10.7*0 
2T,4  t.B** 

'lor- 


>79.9  314.1 

180.8  187.1 

361*7  360.* 

312.6  309.6 

>03.1  140*4 

*61.0  141.6 

>06.3  392.6 

106.0  341.2 

104.2  146.0 

164.*  146.0 

104.9  144.5 

>46.2  146.2 

106.4  146.6 

166.7  397.4 

306.4  196.1 

*67.1  146.6 

107.3  344.2 

307.6  144.7 

167.4  600.2 

307.*  600.6 

107.7  601.1 

107.0  601.4 

167.4  602.0 

186.0  602.6 
368.0  602.8 

188.1  603.1 

603.4 

603.4 

606.2 

606.5 

606.4 
605.2 

605.5 
605.8 
60*.  1 

163.)  351.7  3*7.*  >71.1 


1.2)7  1.222 

1.636  1.666 

1.415  1.560 

1.446  1.615 

1.474  1,646 

1.446  1.66) 

1.602  1.706 

1.606  1.726 

1 .  760 
1.74) 
1.761 
1,775 
1,766 
1.742 
1.600 
1.607 
1.611 
1.6)9 
1.626 
1.829 
l.Oll 
1.0)8 
1.862 
1.864 
1.069 
t.0»2 
1.044 
1.844 
1.8*1 
1.8*6 
1.8*7 
1.8*4 
1.872 
1.076 
1.07* 
1.871 
1.880 
1.882 
1.816 
1.08* 
1.886 

1.840 

1.841 
1.893 
1.044 
1.B46 
1.846 
1.844 
1.900 
1.402 

I, *08  1.718 


PAESSUA6  PUdFlLE  DAfA 

SYSTEIt  kIGUIO  BIPAOPELUMT  PC  1000*  PSIA 


COMPONENT 

TREF 

FORMULA 

OENSITV 

HEAT  FORM 

HT 

DEG 

K 

GM/CC 

|ICCAL/FORH*wr* 

) 

121 

0*F2 

l.«) 

♦  3.9 

62 

29B 

N2«H4 

1.004 

412.09 

30, 

BULK  OCNSITV  •  i»2U  GM/CC 

PIXTUAE  AAT10  -  1*632  LB  BXlDUEA  /  LB  OF  FUEL  \ 

PAESSUAE  PROFILE  DATA 
CHAMBER  ENTROPY  200*09  EU/IOOGMS 


PRESSURE!  PStA 

CHAMBER 

1000  308.1 

156.5 

63.10 

FROZEN 

25.12 

EXPANSION 

14.70  10.00 

3.981 

1.989 

.631 

•  251 

•  100 

THROAT 

547.4 

TEMP)  OEG  K 

4082.5 

3336.7 

2715.1 

2197.1 

1769.7 

1548.8 

1406.9 

1110.2 

867.6 

672.6 

918.6 

398.7 

3979.4 

ENTHALPY  (-1 

-16.31 

17.26 

46.27 

69.81 

88.80 

98.07 

104.00 

116.06 

129*93 

132.90 

138.60 

142.99 

5,77 

CP 

.4815 

.4717 

•  4608 

•  4477 

•  4319 

•  4222 

•  4146 

.3977 

•  3832 

.3733 

•  3671 

.3641 

•  4793 

IMPUL  OPT 

175.90 

237.01 

276.87 

309.29 

318.18 

326.19 

341.89 

393.74 

362.69 

369.46 

374.99 

144.72 

IMPUL  VAC 

262.06 

289.05 

312.92 

331.93 

340.29 

349.79 

356.64 

364.88 

371.11 

379.84 

379.42 

297.06 

EPSILON 

1.055 

l.AOO 

2.784 

9.097 

7.331 

9.947 

18.053 

34.253 

69.098 

123.688 

239.566 

1.000 

PRESSURE!  PSIA 

lOCO 

398.1 

196.5 

63.10 

SHIFTING  EXPANSION 
29.12  14.70  10.00 

3.981 

1.985 

•  631 

•  291 

•  100 

570.2 

TEMP!  OEG  K 

4082.5 

3686.1 

3335.2 

3014.0 

2709.7 

2924.3 

2689.7 

20)9.9 

1678*6 

1361.9 

1093.6 

869.3 

3834*4 

ENTHALPY  (-1 

-18.31 

18.99 

90.97 

79.69 

105.00 

118.31 

127. 2A 

146.41 

162.40 

179.46 

186.00 

194.42 

4*72 

X  BAR 

5.254 

5.116 

4.993 

4.887 

4*800 

4.760 

6.738 

4.709 

4.706 

4.705 

6.709 

4.709 

5.169 

N 

5.254 

5.116 

4.993 

4.887 

4.800 

4.760 

6.738 

4.709 

4.706 

4.705 

6.709 

4.709 

5.169 

CP 

1.5151 

U4527 

1.9949 

1.1989 

.9399 

.7938 

.6907 

.4836 

•  4231 

•  4022 

•  3836 

•  3674 

1.4835 

IMPUL  OPT 

179.00 

245.49 

291.92 

327.92 

344.79 

6S6.a3 

378.96 

396.49 

410.56 

421.98 

430*19 

141.93 

IMPUL  VAC 

270.09 

304.14 

335.94 

361.79 

374.88 

383.36 

400.48 

413.71 

424.06 

432.14 

438.41 

262.99 

EPSILON 

1.076 

1.743 

3.296 

6.428 

9.698 

12.967 

29.954 

51.184 

100.731 

197.869 

387*162 

l.OOO 

18.06  F 

.0519 

•  0275 

•  0136 

COMPOSITION  SHIFTING  IMOL/100  GM) 

.0060  .0022  .0010  .0006  .0000 

•  OOOO 

•  OOOO 

•oooo 

•  OOOO 

•  0393 

-64.50  P»M 

2.2448 

2.2688 

2.2027 

2.2903 

2.2941 

2.2993 

2.2958 

2.2963 

2.2963 

2.2963 

2»2963 

2*2963 

2.2609 

-26.10  P*M»C 

.0000 

.0000 

•ocoo 

.0000 

.0000 

•oooo 

•  0000 

•  0000 

•  OOOO 

•  OOOO 

•  OOOO 

•  OOOO 

•  OOOO 

58.60  F«N 

•  0000 

•  0000 

•  0000 

•  0000 

.0000 

•  0000 

•  0000 

•  0000 

•oooo 

•oooo 

•oooo 

•  OOOO 

.0000 

-15.70  F»N»C 

•  ooco 

•  0000 

•ocoo 

.0000 

•  0000 

•  0000 

•  0000 

•  0000 

•oooo 

•  OOOO 

•  OOOO 

.0000 

•  OOOO 

32.40  F>0 

.0000 

.0000 

•  0000 

•  0000 

.0000 

•  0000 

•  0000 

•  0000 

•  oooo 

•  OOOO 

•oooo 

•  OOOO 

•  OOOO 

.00  F2 

•  0000 

•  0000 

•  ocoo 

.0000 

•  0000 

.0000 

•  0000 

.0000 

.0000 

•  OOOO 

•  OOOO 

•oooo 

•  OOOO 

62.10  H 

•  3235 

.2263 

•  1961 

•  0634 

.0390 

•  0217 

•  0130 

.0029 

•  0002 

•  OOOO 

•oooo 

•oooo 

•  2623 

79.20  H*N 

•  0004 

.0001 

•  OCOO 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

.0000 

•  OOOO 

•  OOOO 

•oooo 

•  0002 

-10.00  M»N*0 

•  0098 

.0039 

•  0029 

.0015 

•0008 

•  0005 

•  0003 

•  0001 

•oooo 

•  OOOO 

•  OOOO 

•oooo 

•  0046 

9.33  M>a 

•  2743 

•  2249 

•  1705 

•  1159 

•  0690 

•  0401 

•  0253 

•  0040 

•  0002 

•  OOOO 

•  OOOO 

•OOOO 

•  2450 

.00  H2 

•  4066 

•  3924 

•  2920 

•  2273 

•  1623 

•  1275 

•  1060 

.0777 

•  0791 

•  0791 

•0791 

•0791 

•  3743 

40.30  H2>N 

•  0000 

•  0000 

•  OCOO 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

.0000 

•  OOOO 

•oooo 

•  OOOO 

•  OOOO 

-57.80  M2«0 

•  9404 

•  6570 

.7789 

.8988 

1.0097 

1.0692 

1*0983 

1.1423 

1.1680 

1.1481 

1.1481 

1.1481 

•  6109 

-11.04  H3>N 

•  0000 

•  0000 

•  0000 

.0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  OOOO 

•  OOOO 

•oooo 

•OOOO 

•  OOOO 

113.00  N 

.0007 

•  0002 

•  0001 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

.0000 

•oooo 

•oooo 

•  OOOO 

•  0004 

21.65  N*0 

•  0833 

•  0618 

•  0928 

.0267 

•  0139 

•  0081 

•  0049 

•  0006 

•  OOOO 

•  OOOO 

.0000 

•  OOOO 

•  0700 

8.06  N*02 

•  0000 

•  0000 

.0000 

•  0000 

•  0000 

•0000 

•  0000 

•  OOOO 

•  OOOO 

•oooo 

•oooo 

•  OOOO 

•  OOOO 

.00  N2 

U1406 

1.1926 

1.1630 

1.1716 

1.1784 

1.1814 

1*1831 

1.1894 

1.1B97 

1.1857 

1.1897 

1.1897 

1.1401 

19.50  N2«0 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  OOOO 

•  OOOO 

•oooo 

•oooo 

•  OOOO 

•OOOO 

69.56  0 

•  1188 

•  0812 

•  0492 

•  0292 

•0097 

•  0043 

•  0020 

•  0001 

.0000 

•oooo 

•oooo 

•  OOOO 

•  0959 

.00  02 

•  0622 

•  0996 

•  0523 

•  0403 

•0246 

•  0190 

•  0087 

•  0006 

•  OOOO 

•oooo 

•oooo 

•  OOOO 

•  0612 

l.OOO 
^.000 
i.ouo 
4.000 
^.000 
b.OOO 
7.000 
a. 000 
9.000 
10.000 
a. 000 
12.000 
1 1.000 
14.000 
1&.000 
1ft. 000 
17,000 
la. 000 

19.000 
20.000 
21.000 
22.000 
21.000 
24.000 
2ft. 000 
2ft. 000 
27.00S 
2a. 000 

29.000 
10.000 
il.ooo 
12.000 
ii.OOO 
14.000 
ift.OOO 
14. 000 
17.000 
IH.ODO 
19.000 
40.000 
41.000 
42.000 
41.000 
44.000 
4ft. 000 
46.000 
47.000 
46.000 
•9.000 
40.000 
7.111 


9C/1  p  PSI* 

l.OCO  ICOO.COO 

1.627  447.419 

10. ICO  99.012 

17.976  44.ft24 

26.412  14.171 

16.617  2ft.7ft2 

ft0.67a  I9.ft44 

61. *67  14.702 

77.194  12.921 

91. 66ft  10.661 

IC7.126  9.114 

I21.4ft4  6.100 

140.490  7.116 

146.094  ft. 12ft 

176.121  4.676 

194.447  4.l4i 

212.944  4.49* 

2)l.ft49  4.119 

240.197  1.997 

271. 4CS  1.664 

291.114  1.409 

114.729  1.167 

116. 4C4  2.'941 

)tt,6C7  2.764 

164,172  2.994 

4C9,092  2.444 

4  11.024  2.  109 

447.070  <.166 

461.176  2.076 

4C4.296  1.977 

429.191  1.669 

441.427  1.607 

4  7  7.1  79  1  .  7  12 

bLl.2U  1.661 

624.774  i.600 

641. 421  1.414 

6*0.114  1.47.7 

7;6.eC6  1.4U 

717,672  Ul44 

767,2^0  i.i;} 

797.014  1.244 

627.0*1  1.207 

647.6.)  1.166 

*•7, 1*7  1.126 

916.747  I.Caa 

9*7. 419  I.Cll 

961. 0:4  1.C17 

1012.147  ,968 

|a4l.444  .'•46 

1074. ••a  .910 

IU7,140  .101 

«6«946  14.696 


ftVfttlT*  LICUIO  6|Pfc9l*(ll6Nf 
COHPOMM  I6CP  Ptfimukft 
OfC  6 
126  0*62 
296  '«2*M4 

66026* 
C  ftUH 

tfM6  fM»*ftLPV  CP  CftL/  1 
KCiL  /lOOSH  Cl*  OPC 


RE 
4062. ft 

1979.4 
24  79.4 

2117.4 

1929.9 

1777.9 
lbft9.a 
19  74.9 

1900.4 
14  17.6 
1161.2 
lllft.ft 
1291.) 

1294.4 

1221.1 

1190.1 
1U1.6 
lllft.ft 

1111.4 

1066.9 
10*7.9 

1049.2 
1029. 7 
1012.1 

979.4 

940.4 
96ft.  7 

941 . 7 

919.4 

929.7 

911.6 
902.0 
641.0 
940.  1 
*70.1 
64C.  1 
eftO.9 

441.6 
611.0 

624.9 
616.  1 

606.4 

6)0.8 

741.1 

766.2 
7  74.2 

7/2.4 

7i»9,4 

744.9 
741,1 


II.  II 
-9.77 
-97,27 
-72.48 
-81.19 
-66.28 
-91.  I  1 
-96.9ft 
-ICO. 10 
-IC2,7» 
-lCft.99 
-tC6.99 
-tCft.ftl 
-tlO.22 
-t  n.ftl 
-112. 6ft 
-114.00 
-119.09 
-lift. 01 
-lift. 91 
-117,7* 
-116.92 
-119.24 
-1  19.91 
-l.‘0.97 
-1.1.17 
-121. 7S 
-122.24 
-‘>2.91 
-121.10 
•121.7ft 
-124.21 
-124.64 
-129.04 
-I2ft.4* 
-12ft. 61 
♦124.17 
-124.92 
-Wft.84 
-127,16 
•127.4) 
-12». 79 
•126.06 
•126. 17 
-126.44 
-126,90 
•  I  29.16 
-124.41 
•124. 41 
•129.66 
•I  10.11 
-  16.07 


1ft*. 

297. 

261. 

299. 

104.' 

111.' 

lift. 

120.' 

12ft.' 

127.' 

110.: 


lift.. 

117.1 

119. 

140.4 


.461 
.479 
.499 
.4*4 
.416 
.412 
.426 
.424 
.420 
•  41ft 

.411 
.411 
.406 
.40* 

.404 
.402 
.401 
.  196 
.196  141.6 

.19*  141. C 

.149  1*4.0 

.  194  149.0 

.  191  149.9 

.  192  144.6 


.  190 
.  169 
.  186 
.  167 
.  167 
.  18ft 
.  189 
.  169 
.  184 
.  161 
.  «al 
.  182 
.  162 
.  161 
.  161 
.  160 
.  160 
.  160 
.  179 
.  179 
.  174 
.  176 
.  176 
.  177 
.  177 
.  177 
.422 


CN/CC  IKCfti/POHM.af. 

1.91  *1.9 

1.004  912.09 

(XPA<*9|ef« 

•  *602.9  PT/Sfr 
OPf  OftCaftC  CC168C  I  9fA  I  At 
2P  LVL  10000 


192. 

192.1 

191. 


14.  S 

29.9 

24.9 

24.1 

22.4 

21.2 
20.1 
19.2 

16.4 
I  7.  7 
17.0 
lft.9 
1ft. 0 

19.4 

19.1 

l4.6 

14.4 
14.  I 
1  1.6 

11.9 

11.1 
I  1.0 


12.2 

12.0 

11.6 


10.9 
10.8 
iC.ft 
10. ft 
10.4 
10.  1 
10.2 
1C.  1 
10.9 


4.9 

9.4 

22.1 


.209 
.411 
.620 
.640 
1.029 
1.216 
1.411 
1.644 
1.649 
2.099 
2.2*8 
2.482 
2.499 
2.  "09 
l.tit 
1.112 
1.906 
l.ftftS 
1.41  1 
4.  I  19 
4.  194 
4.977 
4.  79b 
9.01) 
9.228 
9.440 
ft. 448 
9.692 
4.092 
4.246 
ft. 41* 
6.629 

4.60/ 

4.469 

7.  |4) 
7. 41* 
7.414 
7.699 
6.074 
8.297 
8.91  7 

8.  717 
8.997 
9.179 
».  192 
9.404 
9.822 

10.019 

10.247 

IC.494 

1.9C9 


294.0 

291.4 

104.9 

112.9 

119.9 
11  7.9 
118. 1 


299,0 

299.9 
1J9.2 
lift. 2 

120.9 

121.0 

124.9 
129.  1 
129.6 


119.2  129.6 


Hi.  0/0 

62. 

16. 


I  Af  i  /AC 

90000 

296.7  297.1 

299,2  100.0 

114.9  119.6 

121.4  124.6 

129.1  lll.O 
)14.\  IIS. 6 

146.8  1)9.) 

119.4  142.2 

141.9  144.6 

141.2  144.7 

144.4  146.9 

149.8  190.0 

144.6  191.4 

147.  7  192.7 

146.9  191.8 

149.2  194.8 

149.6  199.7 

190.1  19b. ft 

190.7  197. • 

191.1  198.1 

191.4  198.6 
ISl.b  199.4 

191.9  163. 0 

192.0  163.6 

192.2  161. I 
192.1  lbl.4 

192.9  162.1 

192.4  142.9 

192.6  Iftl.O 

192.7  141.4 

192.8  Iftl.r 

192.6  164.1 

164.9 
144.* 

169.4 
169.7 
Iftft.O 
146.  1 

146.6 

166.4 

167.1 
167.  I 

167.9 

167.7 

168.3 

166.2 

166.4 
146.6 
146.6 

117.7  )40.) 


CP  SPA  CP  VAC 
LVk 

1.216  1.2') 
1.4)1  1.442 

1.491  1.9)6 

1.92)  1.98) 

l.ftiV  l.bll 

1.947  1.416 

1.990  1.69) 

1.447 
1.479 
1.469 
1.696 
1.704 
1.71) 
1.719 
1.724 
1.729 

1.7) 4 

1.7) 8 
1.742 
1.749 
1.748 
I.  792 
1.794 
1.797 
1.  740 
1.762 
1.7<.4 
1.747 
1.T49 
1.771 
1.771 
1.774 
1.776 
1.774 
1.77) 
1.781 
1.  7n2 
1.784 

1.789 
1.786 
I./87 
1  .  749 

1.790 

1.791 

1.792 
I,  79j 
1.794 
1.799 
1.  794 
1.797 

1.990  1.498 


C»SU3\ 


1.093 
2.009 
l.OxO 
4.O0O 
9.000 
ft. 000 

7.000 
6.009 
9.000 
10.000 
Il.ooo 
12.003 
I  1.000 
14.0U0 

19.000 

ift.OOO 

17.000 

18.003 

19.003 

20.000 

2I.O0O 

22.000 

21.000 

24.000 

29.000 

24.000 

V7.000 

28.000 

29.000 

10.000 

Ji.OOO 

12.000 

11.000 

14.000 

19.000 

Ift.OOO 

17.000 

18.000 

19.000 

40.000 

41.000 

42.000 

41.000 

44.000 

49.000 

44.000 

47.000 

48.000 

49.000 

90.000 

9.498 


l.OCO 
1.794 
8.1)1 
14.796 
21. •'A 
29,217 
14.497 
•4.471 
ftl.lM 
t2.Ut 
71.299 
(•0.6C9 
43.946 
ICO. 448 
110.937 
121. 71) 
I  12.60 

144.111 

199.621 

U7.1C7 

1  79.)  1) 
141 .0  72 
2C1.IC0 
219.117 
227. 149 
219.91) 
291.611 
269.472 

2  79. 197 
241.491 
)C7.7I6 
122. 2C4 
114,8  3) 
191. 6C9 
)C4.91S 
181.94) 
>94.472 
411.669 
427.162 
442.917 
497,942 
47).)87 
461.899 
9C4.)91 
919.691 
919.190 
990.696 
944. )4H 
981.62) 
997.260 
412.714 

66.046 


P  PSU 

I  COO. ;&9 
ft/O.  160 
l22.Cft0 
tt7.  771 
46.999 
)4.227 
27.290 
22.  166 
16.  748 
I6.C87 
14.0) 
12.  179 
1I.C44 
8.499 
8.C14 
6.219 
7.9)3 
4.4)7 

6.426 
9.977 
9.982 
9.2)4 

4.924 
4.64  7 
4.  }99 
4.  I  79 
1.971 
1.747 
1.960 
1.406 
1.290 

1.  104 
2.949 
2.644 

2.  726 
2.421 
2.921 

2.426 
2.141 
2.2ftO 
2.184 
2.112 
2.C46 
1.98  1 

1.924 
1.646 
1.619 
1.744 
1.  719 
1.674 
I.ft12 

14.69b 


9-IPt|Ni  t*P*HM7S 
C  StAt  «  6810.7  pr/sc 
ff8P  7M**iP*  CP  C*C/  I  3*>t  061/4C  r»iv*C 
no  •  •CAC/190C4  c**  CPC  f» 


4092.9  18.11  1.919 

16)4.4  -4.72  1.46) 

1294.8  -96.29  l.29ft 

1091.2  -76.4)  l.|«) 

2916.0  -67.69  1.094 

26(7.1  -Cft.l)  1.021 

271ft. 1  -1:2.64  .899 

2647.6  •107.89  .904 

2436.6  -112. >l  .649 

2996.0  •114.09  .8)9 

2936.6  -119.40  .781 

2469.1  -122.1)  .748 

2429.4  -124.86  .717 

2  146.  1  -127.  14  .690 

2)92.6  •128.61  .644 

2119.1  -in. 91  .441 

2267.1  -111. 99  .419 

2297.1  '1)9.04  .400 

2221.4  -I!*. 49  .982 

2201.0  •1)6. 14  .949 

2174.6  -1)8.94  .990 

2149.1  -140.84  .917 

2129.8  -142.10  .924 

2102.7  -14), 27  .912 

2010.9  -144.19  .902 

2098.2  -149,49  .492 

20)8.4  -144.49  .481 

2018.4  -147.42  .471 

1988.0  -146.11  .472 

1880.2  -148.21  .447 

1942.0  -190.04  .442 

1844.4  -190.86  .494 

1827.)  -191.44  .499 

1910.6  -192.19  .491 

1694.7  -ISI.IO  .444 

1679.2  -191.80  .444 

1844.1  -{94.47  .441 

1649.4  -199.11  .441 

16)9.2  -199.71  .4)9 

1621.1  -194.14  .417 

1607.6  -194.92  .4)9 

1794.7  -197.49  .4)4 

1782.0  -194.04  .4)2 

1749.9  -194.97  .4)1 

1797.4  -199.09  .4)0 

1749.4  -199.99  .424 

1714*1  -140.04  .427 

1722.4  -140.09  .424 

1711.0  -141.01  *424 

1701.1  -141.44  .429 

1490.7  -161.90  .424 

2924.)  -lift.)!  .794 


141. V  121.1  .21/ 

296.4  9). 4  .6)8 

267.'*  <••.*  .694 

)04^0  *0.2  .84* 

)I9.7  )7.2  1.084 

124.*  )9.0  1.266 

1)1.)  )).)  I.*6I 

))7.|  )2.0  t.lO* 

1*1.9  10.4  1.91* 

)44.)  29.8  2.12* 

1*8. «  24.8  2.  11* 

191.0  29.2  2.991 

194.0  27.9  2.7*0 

198.4  24.8  2.978 

141.0  24.1  ).|97 

14). 2  29.7  ).*|7 

149.)  29.2  ).6)4 

147.2  2*.*  1.89* 

148.9  2*.)  *.071 

170.4  21.9  *.296 

172.1  21.9  *,*88 

J7).4  21.2  *.708 

)7«,9  22.4  *.9|7 

)74.2  22.9  9.121 

177.4  22.2  9.)22 

174.4  21.9  9.921 

179.7  21.4  9.749 

180.7  21.4  9.970 

191.7  21.)  4.199 

142.7  20.9  4. *20 

141.4  20.4  4.4*9 

14*. 9  20.«  4.449 

149.)  20.2  7.091 

144.2  20.0  7.116 

144.9  19.4  7.9)« 

197.7  19.4  7,  798 

144.4  19.*  7.978 

149.1  19.2  8.199 

149.4  19.0  1.411 

190.4  14.4  4.429 

191.1  14.7  4. NIP 

191.7  14.9  9.047 

192.)  14.1  9.294 

192.4  14.2  9.440 

19). 4  14.0  9.44] 

19). 9  17.9  9.441 

194.9  17.4  10.062 

199.0  IT. 6  10.296 

199.9  17.9  10.492 

199.9  17.4  10.64) 

144. T  iO.l  2.090 


I  SPA 
VVC 

299.9 

109.4 

122.1 

1)1.9 

114.8 

140.9 
)42.6 
144.0 
1*4.4 


•I0»' 


1  41 
10900 

2*0.4 

107.4 
)29.2 
119.  ) 
1*1.  7 
144.2 

148.4 
111.9 
191.  1 
194.  I 
194. 7 
199. C 


1  At  I  <AC  CP  ftp)  CP  /AC 
9COOO  LVk 


242.2  242. ft 

lU.l  )I2.1 
»iO»8  )>2.C 

162.7  )4*.2 

191.0  192.1 

197.2  191.4 

112.1  144.7 

I6(..l  141.9 

)4>.9  172.7 

172.)  179.1 

17*. 7  178. 7 

174.8  161.2 

111.7  1B1.» 

160.4  189.4 

161.4  147.) 
lai.l  lll.O 

)64.)  )80.9 

>69.4  )81.1 

184.1  181.) 

187.2  184,1 

188.0  141.7 

ita.r  )94.7 
>89.4  187.8 

190.0  }98.r 

190.6  199,4 

191. )  400.1 

191.9  401.1 

191.9  402.1 

192. )  402.9 

)92.»  401.4 

192.9  404.2 

191.2  404,9 

191.4  409.9 

191.4  404.1 

)9).8  404.7 

194.0  407.2 

194.2  407.8 

)94,)  406.) 

)94.4  406.6 

194.4  409.) 

194.7  409.7 

194.4  410.2 

)94.4  410.4 

)94.9  411.0 

)9».0  411.4 

)91.0  411. S 

)9S.l  412.2 

>99.1  412.4 

41 1.0 
411.) 
)7U4  974.9 


1.2); 

1.440 

1.916 

1.9*2 

1.967 

1.404 

1.411 

1.420 

1.42) 


1.624 


1.222 

1.470 

U9»4 

U421 

1.462 

1.49) 

1.718 

1.7) 6 
).7ft4 
1.771 
1.78* 
l.78b 
1.804 
1.614 
1.62* 
1.812 
1.6)9 
1.6*4 
1.892 
1.690 
1.84* 
1.649 
1.474 
1.674 

1.8) 2 
1.817 
1.890 
1.894 
1.494 
1.901 
1.904 
1.907 

1.910 

1.911 
1.914 
1.914 
1.921 
1.92) 
1.926 
1.924 

1.9) 0 

1.9) 2 

1.9) 4 
1*9)6 
1.9)4 
1.940 
1.942 
1.94) 
1.949 
1.947 
1.764 


)44.7  ))),4 


PI(6S$UAE  PftOFtL€  OAfA 

SYSTEM  IIGUIO  BIPAOPELLAHT  PC  1000*  PStA 


COMPONENT 

TREE 

FORMULA 

DENSITY 

HEAT  FORM 

MT 

DEC 

K 

CN/CC 

IKCAL/FORN.wr* 

» 

I2fl 

0*F2 

l.SS 

♦  3*$ 

70, 

248 

N2*HA 

1.004 

♦12. OS 

SO, 

BULK  DENSITY  a  1*322  GM/CC 

MIXTURE  RATIO  •  2*333  LB  OXIOUER  /  LB  OF  FUEL 

PRESSURE  PROFILE  DATA 


CHAMBER 

ENTROPY 

280*40 

EU/IOOCMS 

CHAMBER 

THROAT 

FROZEN 

EXPANSION 

PHESSURE.  PSIA 

loco 

398*  1 

158*5 

63*10 

25*12 

14*70 

10*00 

3.981 

1*585 

•  631 

•  251 

.100 

SAA.a 

TEMP,  0E6  K 

4205*9 

3412*0 

2755*5 

2213*1 

1765*0 

1541*4 

1395*9 

1093*5 

848*9 

654*3 

102*0 

364*3 

JA6S.6 

enthalpy  I-) 

-15*62 

18.39 

46*08 

68*39 

86*25 

94*91 

100.44 

111*61 

120*32 

127*06 

132*24 

136*21 

7.5J 

CP 

*4347 

*4264 

*4167 

*4051 

•  3914 

*3831 

*376  7 

*3622 

.3504 

•  3426 

*3381 

*3361 

.4295 

IMPUL  OPT 

172*51 

232*06 

270*66 

297*98 

310*37 

318.02 

332.95 

344*14 

352*56 

356.89 

363*67 

142. 55 

IMPUL  VAC 
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217*.) 

-1)1. *0 

.*40 

>97.9 

2).9 

>.172 

>71.  > 

>41.* 

1.0)0 

144.174 

4.C44 

21*2.) 

-t  )2.i9 

.*71 

>99, T 

2).0 

>.746 

>76.2 

>42.7 

l.l>7 

174.922 

S.6S2 

21 12.0 

-1  19.27 

«*6) 

>41.) 

22.6 

>.994 

)77.  1 

>41.9 

1.0*) 

1*9. 4(4 

1.274 

200.2 

-1  )1.17 

.*96 

)62.9 

22.2 

*.207 

177.9 

>41.1 

1  .0*0 

2C2.141 

4.941 

2011.9 

-139.  7a 

.*90 

169.9 

21.4 

9.*1) 

>74.6 

)46.2 

l.»9) 

2IS.242 

4.64S 

2029.9 

-1)7.9) 

.*** 

)69.r 

21.* 

9.617 

>79.) 

>47.2 

l.Olt 

221.1(4 

4.142 

20OS.0 

-1)9.01 

.*>4 

)67.0 

21.1 

9*tlb 

>79,9 

>44.1 

t.06> 

2*1. iss 

4.  1*7 

1941.) 

-190.09 

.*)* 

)64.2 

20.9 

1.01) 

>40.1 

>49.0 

1.067 

214.479 

3.9)0 

1914.6 

-1*1. 01 

.*29 

)69.9 

20.9 

1.212 

141.0 

>49.4 

1.071 

249. OSl 

J.7I6 

19)4,9 

-1*1.9) 

.*29 

170.9 

20.2 

1.9)* 

141.9 

>90.6 

1.079 

2<).9S4 

1.S22 

1914.1 

-1*2.41 

.*22 

)71.9 

19.9 

1.616 

>41.4 

191,* 

l.07i 

299.047 

1.  144 

1494.1 

•1*1.91 

.919 

)r2.9 

19.7 

S.479 

142.  1 

>92.1 

1.002 

114. ISI 

1.141 

1474,4 

•199.91 

.914 

)T),9 

19.9 

6.101 

>62.9 

>92.6 

1.009 

129.447 

1.02 

I4S4.) 

'191.72 

.919 

>79.9 

19.2 

6.S2) 

>12.7 

>91.1 

1.040 

J4S.S14 

2.494 

14*0.4 

•  1*1.91 

.911 

>79.1 

14.9 

6.149 

>42.9 

>99.1 

1.091 

141.111 

2.764 

1421.1 

-1*6.99 

.904 

>76.0 

14.7 

6. 769 

>41.) 

)9*.  7 

1.09* 

177. 24S 

2.6S1 

1404. S 

-197, )9 

•  906 

>74.7 

14.9 

6.91) 

>41.  > 

>91.) 

1.097 

141. ISO 

2.S42 

1790.) 

•1*7.99 

.909 

>77.9 

14.) 

7.201 

14). 1 

>91.4 

1.099 

4C9.S12 

2.442 

1774.4 

-I94.92 

.902 

>74.2 

11. 1 

7.917 

)4).7 

)96.> 

1.902 

42S.7SI 

2. 149 

1799.4 

-1*9.22 

.901 

174.9 

17.9 

7.6)2 

)4).l 

>96.4 

1.90* 

442. OSl 

2.262 

17*1.0 

-1*9.40 

.199 

>79.4 

17.7 

7.499 

>41.9 

>97.) 

1.907 

4S4.4C1 

2.141 

17)0.4 

-110.)T 

.)9T 

>40.2 

17.6 

4.0)9 

149.1 

197.0 

1.909 

«74.7e2 

2. 106 

1717.0 

-190.91 

.>94 

>•0.9 

17.9 

4.262 

149.2 

)90.S 

1.911 

491.142 

2.04 

1701.7 

-111.99 

.>99 

)4I.9 

17.2 

4.967 

>49.2 

>94.7 

1.91) 

SC7.S90 

1.970 

1490.7 

•111.91 

.)9) 

>42.0 

17.1 

4.670 

>49.) 

>99.1 

1.919 

S21.994 

1.904 

1474,0 

•112.99 

.192 

>42.4 

16.9 

4.471 

>49.9 

>99.1 

1.917 

S40.)4f 

1.491 

U4S.7 

•112.92 

.19) 

)t).l 

14.4 

9.064 

149. S 

>99,9 

1.919 

SS6.7I0 

I.  796 

1611.4 

-11). i« 

•  )90 

)4).7 

14.4 

9.16) 

)I9.S 

900.) 

1.921 

S71.1C6 

1.T4S 

16*2.1 

-111.49 

.)49 

>49.2 

14.9 

9.4S6 

>19. » 

900.7 

1.92) 

S49.422 

1.497 

1610.4 

•119.24 

.)44 

)49.7 

14.9 

9.661 

901.0 

1.929 

4CS.7C1 

1.491 

1619.7 

-199. 70 

.)47 

>49.2 

14.2 

9.4)2 

901.9 

1.926 

621. 94t 

1.404 

1601.9 

-199.12 

.)44 

>99.4 

14.1 

10.017 

901.7 

1.920 

639.272 

1.964 

1194.4 

•199.92 

.144 

>14.1 

14.0 

10,217 

902.1 

1.929 

6S4.I  11 

1.S20 

1944.) 

•199.91 

.>49 

>44.9 

19.9 

10,*)9 

902.9 

1.9)1 

64.046 

14.696 

2997. 7 

•119.49 

.604 

»7.l 

24.4 

1.940 

))7.l 

)6S.| 

>62.6 

>41.9 

1.614 

1.799 

PRESSURE  PROFILE  DATA 

SYSTEM  LICUIO  BIPROPELLANT  PC  300*  PSIA 


COMPONENT 

TREE 

FORMULA 

DENSltr 

heat  form 

WT. 

OEG 

K 

CM/CC 

ikcal/form.nt. 

) 

i?a 

0«F2 

I.Sl 

A4, 

2S8 

N2«HA 

1.004 

♦12. OS 

S6 

BULK  DENSITY  >  l.U)  6M/CC 

FIXTURE  RATIO  •  «786  LB  OXIOUER  /  LB  OF  FUEL 

PRESSURE  profile  DATA 
ChAHBER  ENTROPY  3AS.80  EU/IOOGMS 

CHAPHER  THROAT 


FROZEN  EXPANSION 


PRESSURE! 

PSIA 

300.0 

134.7 

60.49 

27*16 

14.70 

12*20 

5*477 

2.460 

1.104 

.496 

.223 

.100 

164.7 

TEMP,  OEG 

K 

331S.V 

2791.6 

2337.7 

1947.8 

1686.6 

1613.4 

1327.0 

1083.3 

877.9 

707.1 

566.7 

452.8 

2916.8 

enthalpy  < 

l-I 

>23.91 

6.33 

31.71 

52.92 

66.72 

70.53 

85.07 

96.99 

106.69 

114.52 

120.82 

125.86 

-.77 

CP 

•  S780 

.S6S9 

.5515 

.5354 

.5215 

*5173 

.4980 

.4801 

.4645 

.4528 

•  4447 

.4402 

•  5691 

IHPUL  OPT 

162.19 

219.96 

258.52 

280.79 

286*62 

307.91 

324.31 

337.06 

347.03 

354.83 

360.96 

141.86 

IMPUL  VAC 

2S4.94 

277.24 

299.12 

313.16 

316.96 

331.13 

342.31 

351.10 

358.01 

363.44 

367.72 

252.66 

EPSILON 

1.024 

1.408 

2.222 

3.275 

3.697 

6.304 

10.881 

18.894 

32.916 

57.460 

100.493 

1.000 

SHIFTING  EXPANSION 


PRESSURE! 

PSIA 

300.0 

U^.7 

60.49 

27.16 

14.70 

12.20 

5.477 

2.460 

1.104 

.496 

.225 

.100 

169.2 

TEMPi  OEG 

K 

3319.9 

29se.4 

2545.8 

2225.1 

1952.0 

1072.4 

1558.0 

1285.5 

1052.5 

855.5 

641.1 

555.8 

5061.7 

ENTHALPY  1 

[-1 

•23.91 

7.01 

54.04 

57.55 

72.77 

77.06 

93.56 

107.25 

118.46 

127.65 

155.05 

141.04 

-1.39 

X  BAR 

6.233 

6.147 

6.091 

6.065 

6.054 

6.058 

6.057 

6.057 

6.057 

6.057 

6.057 

6.057 

6.169 

N 

6*233 

6.147 

6.091 

6.065 

6.059 

6.058 

6.057 

6.057 

6.057 

6.057 

6.057 

6.057 

6.169 

CP 

1.1376 

.9151 

.7257 

.5488 

.5491 

.5595 

.5119 

.4408 

.4751 

.6580 

.4466 

.4595 

.9771 

IMPUL  OPT 

165.94 

224.52 

265.84 

290.01 

296.58 

319.67 

557.76 

551.45 

565.08 

571.87 

578.81 

159.96 

IMPuL  VAC 

259. •« 

285.55 

509.75 

525.27 

529.47 

345.19 

557.68 

567.58 

575.41 

581.60 

586.49 

256.62 

EPSUON 

1.052 

1.459 

2.545 

5.479 

5.955 

6.757 

11.750 

20.554 

56.072 

65.568 

111.405 

1.000 

composition  shifting  INOL/lOO  GMI 


18.86 

F 

•  0030 

•  0009 

«0CO2 

•  OOOO 

•OOOO 

•oooo 

•  OOOO 

•  oooo 

•oooo 

•oooo 

•oooo 

•oooo 

•  0013 

-64.50 

F«H 

U6266 

1.6287 

1.6295 

1.6296 

U6296 

U6296 

1.6296 

U6296 

1.6296 

U6296 

1.6296 

1.6296 

U6283 

-26.10 

F«H»G 

•  0000 

•  0000 

•  OCOO 

•  OOOO 

•  OOOO 

•  OOOO 

•  OOOO 

•  oooo 

•  OOOO 

•oooo 

•  OOOO 

.0000 

•  OOOO 

i}6.60 

F«N 

•  OQGO 

•  0000 

•ocoo 

.0000 

•  OOOO 

•oooo 

•  OOOO 

•oooo 

•  OOOO 

.0000 

•oooo 

•oooo 

•oooo 

-15.70 

F«NtC 

•  0000 

•  0000 

•  OOOO 

•  OOOO 

•OOOO 

•oooo 

•  OOOO 

•oooo 

•  OOOO 

•oooo 

•  OOOO 

•oooo 

.0000 

32.40 

F#C 

•  0000 

•  0000 

.0000 

•oooo 

•OOOO 

•oooo 

•oooo 

•  oooo 

•  OOOO 

•oooo 

•oooo 

•oooo 

•oooo 

.00 

F2 

•  0000 

•  0000 

•OOOO 

•  OOOO 

•OOOO 

•oooo 

•oooo 

.0000 

•  OOOO 

•oooo 

•oooo 

•oooo 

•oooo 

»2.10 

H 

•  28C8 

•  1522 

•  0615 

•  0159 

•0039 

•  0024 

•  0002 

.0000 

•  OOOO 

•oooo 

•oooo 

•oooo 

•  1855 

/9.20 

H«N 

•  OOCl 

•  0000 

.OOOO 

.0000 

•OOOO 

•  0900 

•oooo 

.0000 

•  OOOO 

•oooo 

•oooo 

•oooo 

•oooo 

-10.00 

h«N«C 

•  0012 

•  0005 

.0CO2 

.0000 

•oooo 

•oooo 

•  oooo 

.0000 

•  OOOO 

•  oooo 

•oooo 

•oooo 

•  0006 

9.33 

H«0 

•  0517 

.0223 

.0064 

.0010 

•0002 

•  0001 

•  oooo 

•  oooo 

.0000 

•  oooo 

•oooo 

•oooo 

•0293 

•  00 

H2 

U76S3 

1.8045 

U8384 

1.8577 

l•86^^ 

U8640 

1.8650 

1.8651 

1*8651 

1.8651 

U8650 

1.8646 

U7933 

40.30 

H2«N 

•  0000 

•  0000 

.OCOO 

•  OOOO 

•OOOO 

•  OOOO 

•  OOOO 

•  oooo 

•oooo 

•oooo 

•oooo 

•oooo 

•oooo 

-57.80 

H2«0 

•  7492 

•  7884 

•  8C76 

•  8137 

•8146 

•  8147 

•  8148 

•  8148 

•  8148 

•  8148 

•  8148 

.8148 

•  7794 

-11.04 

H3«N 

•  0000 

•  0000 

.OOOO 

•  OOOO 

•OOOO 

•  OOOO 

•oooo 

•oooo 

•oooo 

.0000 

.0001 

•  0004 

•oooo 

113.00 

N 

•  0001 

•  0000 

.0000 

•  OOOO 

•oooo 

•  OOOO 

•oooo 

•oooo 

•oooo 

•oooo 

•oooo 

•oooo 

.0000 

21.65 

N«0 

•  0064 

•  0021 

•  OC04 

•  OOOO 

•  OOOO 

•oooo 

•  OOOO 

•oooo 

•  0000 

•oooo 

•oooo 

•  OOOO 

•  0030 

8.06 

MU2 

•  0000 

•  0000 

•  OCOO 

•  OOOO 

.0000 

•  OOOO 

•oooo 

•oooo 

•oooo 

•oooo 

•oooo 

•oooo 

•oooo 

•  00 

N2 

U7435 

l«  7460 

1.7471 

1.7473 

1.7474 

1.7474 

1*7474 

1.7474 

1.7474 

1.7474 

1.7473 

1.7472 

U7455 

19.50 

N2«U 

•  0000 

•  oooo 

•  OCOO 

•  OOOO 

•OOOO 

•  OOOO 

•oooo 

.0000 

•  OOOO 

•  OOOO 

•oooo 

•  OOOO 

•  OOOO 

59.56 

0 

•  0047 

•  OOll 

•  OCOl 

•  OOOO 

•oooo 

•  OOOO 

•oooo 

•  0000 

•oooo 

•oooo 

•oooo 

.0000 

•  0018 

.00 

02 

•  C0C6 

•  0002 

•  OCOO 

•  OOOO 

•OOOO 

•  OOOO 

•oooo 

•  OOOO 

•oooo 

•oooo 

•oooo 

•  OOOO 

•  0003 

i.icuio  fttHa»CkU*tf 

CQMPOkCMT  IIIM  fO«t*ULA 
OCC  « 
in  9*9 » 

241  N2*H« 


l.OOO 

^.000 

i.ooo 

4.000 

S.OOtt 

b.OOO 

f.OOO 

0.000 

9.000 

10.000 

11.000 

12.000 

l a. ooo 

14.000 

I^.OCO 

lb.  000 
1 7.000 

ib.ooo 

19.000 
20.000 
2  I .000 
22.000 
2  i.ooo 

24.000 
2O.0O0 
26.000 
2  7.000 
2«.0uc 
29.000 
iO.OOO 
il.ObO 
i2.000 
11.000 
14.000 
J>.000 
jb.OOO 
i 7.000 

m.ooo 

19. QUO 
4U.U00 
4I.0U0 
42.000 

4i.ogo 

44.000 

44.000 

46.000 

4  r.Qoo 

4«.000 

49.003 

40.000 

1.27i 


»(./¥ 

l.OCO 

1.121 

9.010 

11, m 

27.770 
i9.042 
41.044 
(.4.128 
7a.7j7 
91.619 
1C8.6«8 
124. 0C4 
141 .  Ill 
149. 4C7 
1  77.9C<( 
196.748 
2 14.8 j9 
2 i4.0t0 
244,134 
271.921 
294. 7l2 
lU.llO 
140. 9C8 
ii4.0'ib 
197.619 
411.422 
4  i<l.444 
437.669 
444.028 
4C8.494 
4)1. 04) 
447.641 
442. 1C4 
bC7.22l 

6  )4.8C  t 
662. ;ti 
691.120 
719. 8C0 
798. 7S7 

7  78.087 
BC7.696 
617.431 
847.480 
897.711 
928. U2 
938.493 
989. 4C9 

1020.247 
1041.147 
IO«2.2J8 
1  1 1  1.  )39 
20.414 


P  P418  ICMP  CNTPAtPV 


JOO.COO 
164. 720 
10.481 
lb.  769 
10.10) 
7.682 
4.876 
4.664 
1.810 
1.204 
2.  760 
2.419 
2. 122 
1.882 
1.686 
1.423 
i.)40 
1.276 
1.179 
1.C94 
1.C14 
.94) 
.889 
.824 
.  774 
.  729 
.689 
.64) 
.620 
.490 
.46) 
.4)8 
.414 
.494 
.47) 
.44) 

.  *14 

.417 


.  746 
.  7)4 

.  72) 
.  71) 
.  70) 
.294 
.284 
.277 
.269 
14.696 


DCG 

1119 

2916.1 

2021.6 

1741.6 

1467.6 

1444. 7 
1141.4 

1276.7 

1214.1 
1161.0 
liu.i 

1078.8 
1044.0 

1012.8 

984.7 
949.) 
9)4.8 
914.) 

894.6 
876.0 

848.8 

842.8 

827.7 
a  11,6 
800.2 
78  7.4 
7  74.6 
764.  S 
74). 4 
741.2 
7)1.) 
724.0 
714.0 

706.4 

698.1 

690.2 

682.4 

674.2 
668.1 
661.) 

644.7 
646.) 

642.1 
6)6.2 
6)0.4 

624.8 
619.  ) 
614.0 
bOa.9 
60). 9 

419.1 

1686.6 


RC8L/100GH  6M  OCO 
21.91  .478 

.77 
’41.97 
-81.84 
•72.89 
•79.16 
-81.86 
-87.47 
-90.61 
-91.14 
•94. 12 
-97.21 
-98.87 
-ICO.  16 
-101.69 
-102.89 
-ICI.99 
•104.00 
•104,92 
•l-)6.78 
-IC7.47 

‘tea. 12 

-1C9.0I 
-IC9.67 
•) 10.28 
-1 10.86 
-111.41 
-111.92 
1 12.42 
-112.69 
-1 11. 1) 

•111.76 
-I 14.  16 
•IU.44 
-114.9) 

•114.29 
-114.61 
-114.96 
-116.28 
-116.49 
•116.89 
-117.18 
-117.44 
•117.72 
-117.98 
•118.2) 

•1  18.4? 

-118.71 
•1)8.94 
•1)9.16 
•119.18 
•66.72 


OM/CC 
1.41 
1*006 

FMetCN  CtFAMSIflN 
C  47*8  •  6492.4  Ff/SiC 
C»  C6L/  I  887  0CIV8C  0FiV8C  I  4C8 


UCik/FOIN.Hf. 

*1*4 

•12.04 


.469 

.419 

.424 

.414 

.406 

.400 

.494 

.490 

.466 

.466 

.460 

.477 

.474 

.471 

.471 

.469 

.467 

.466 

.464 

.466 

.462 

.461 

.460 

.449 

.448 

.447 

.447 

.446 

.444 

.444 

.444 

.446 

.446 

.442 

.442 

.441 

.441 

.440 

.440 

.440 

.449 

.449 

.448 

.446 

.646 

.447 


.447 

.647 

.466 

.422 


161.9 

242.6 

276.1 

240.2 

299.4 

106.2 

111. 6 

114.6 

119.1 

122.1 

126.6 
126.8 
128.8 
110.6 
112.1 
111.6 

114.9 
116.1 

117.2 

118.2 
1)9.2 

140.1 

140.9 

141.7 
)42.4 
14). I 

141.8 

144.4 
)64.0 

144.4 
)46.t 

146.6 

147. 1 
J47.4 
148.0 

148.4 
)48.8 
)49.2 

l*'*a6 

140*0 

143.6 

140.7 
141.0 
141.) 

141.6 

141.9 

142.2 

142.4 

142.6 
)41.1 

280.6 


1)0.8 

62.4 

11.9 

29.1 
26.0 
21.8 

22.1 

20.7 

19.6 

18.7 

17.9 
17.2 
16.6 
16.0 


/» 

•  67) 
t.l9i 
2.026 
2.694 
).  68) 
6.067 
6.  7)6 
4.6*2 
6.126 
6.  776 
7.60) 
8.112 
8.819 
9.418 


kVL 


1  87 
10000 


262.1  264*8 

276.6  280.4 

280.4  289.4 

291.6 


14.6  10.206 
14.1  10.876 

16.7  11.426 

14.1  12.149 
14.0  12.784 

11.7  16.491 

11.4  14.19H 
D.l  14.904 
12.9  14.606 

12.6  16.104 

12.4  16.94b 

12.2  17.679 
12.0  16.144 

11.8  19.020 
ll.b  19.673 

11.4  70.620 

11.1  20.934 

11. 1  21.478 
U.O  22.200 

10.8  22.904 

10.7  71.612 
10. 6  24.  119 

10.4  23.029 
Ift.l  23.7»ft 
tg.2  26.4*4 

10. 1  27.114 
10. 0  27.B14 

9.9  28.410 
9.8  29.221 
9.7  29.909 
9.6  )C.49t 
9.4  11.271 
9.4  11.941 
9.)  12.61) 
9.2  16. 276 
9.1  1).9)) 
2.201 


CF  4C8  C7  V8C 
LVl 


241.4 

292.6 
106.8 

116.7 

119.7 
)2).l 
124.6 

127.1 

128.) 

124.2 

129.9 

1)0.2 

))0.) 


12.6 


290.8  290.4  109.6 


242.7 

296.8 
>10.) 
)19.) 
)24.6 
))0.0 
))>.4 
3)6.4 
)18.8 

340. 8 

142.4 
364.0 

364.4 
166.6 

167.7 

168.7 

369.4 

140.4 
141.2 

141.9 

142.6 
141.2 

141.7 

146. 1 

144.8 

144.1 
144.7 
)46.2 

146.6 
147.0 
147.) 

147.7 
148.0 

148.4 

148.7 
137.0 
139.  ) 

139.4 


160.  ) 
160.1 
160.8 
)6U0 
>61.2 
161.4 
161.6 
161.6 
162.0 
162.2 
111.2 


1.209 

l.lbO 

1.390 


1.242 

1.661 

1.431 

1.482 

1.613 

1.634 

1.64) 

1.667 

1.679 

1.689 

1.697 

1.704 

1.712 

1.718 

1.721 

1.728 

1.7)2 

1.717 

1.760 

1.766 

1.747 
1.740 
1.731 
1.736 

1.748 

1.761 
1.761 
1.764 

1.767 
t.7b9 
1.771 
1.77) 
1.774 
1.77b 
1.777 
1.779 

1.7*0 
1.782 
1.7n) 
1 .7*4 
1 .  7ab 
U7b7 

1.788 

1.789 

1.790 

1.791 

1.792 
1.79) 
1.764 


1.003 

2.000 

1.000 

4.000 

4.0g0 

6.000 

7.000 

8.000 

9.000 

lO.OCiO 

1  I.ooo 
12.000 
1  1.000 
14.000 
14.000 
16.000 
17.000 
18.000 
19.000 
20.000 
21.000 
22.000 
21.000 
24.000 
24.000 
26.000 

2  7.000 
28.000 
29.000 
10.000 
il.OOO 
12.000 
11.000 
16.000 
14.000 
16.000 
17.000 
18.000 
19.000 
*0.000 
*1.000 
*2.000 
41.000 
46.000 
44.000 
46.000 
47.000 
48.000 
49.000 
40.000 

3.479 


PC7B 


I  .OCO 
1.71) 
9.072 
16.112 
24.216 
)3.)6) 
46.27) 
47,7*7 
70.6(4 
64.122 
97,8)9 
IU.640 
123.869 
l«l  .  7b2 
138.197 
1  74.9C6 
192. K4 
2C9.4C2 
226.122 

244.110 
261.8)0 
2e0.2 14 
ICO. If* 
J20.492 
141. |<3 
lt2.W4 
IB).  166 
4C4.a34 
626.696 

648. 111 
670.234 
492.294 
314, 4C9 
316. 4«0 
448.79) 
481.0)9 
60.114 
627.9)1 
643.0)4 
678. 6J) 
7C4.111 
710.040 
746.216 
782.644 
8C9'.2(4 
836.079 
863.071 
890.223 
917.422 
946.94) 
972.40? 

20.616 


C 

4I6B  • 

6644.7 

FI/«C 

F  P418 

IFMP 

(4fB*gFT 

t»  C4l/  t  "»l 

0(IV8C  CfkV8( 

J  474 

1  ir 

1  81 

ccv.  K  i>C8k/ioeo4  OM  oco 

/» 

kVL 

toooo 

4C900 

lOO.COO 

3)19,9 

21.91 

1.1)8 

16H. loo 

)06l.1 

l.)9 

.977 

140.0 

116.7 

,690 

266.) 

269,4 

244.6 

3). CTO 

23)7.8 

•40.61 

.628 

244.3 

47.) 

1.4  30 

281.6 

287.9 

100.1 

18.)4b 

2040.9 

•t?.)2 

.464 

281.7 

18.1 

2.077 

286.) 

•  218.4 

116.1 

11.897 

1862.4 

-77.62 

*438 

297.2 

12.8 

2.744 

‘01.7 

124.) 

8.48) 

1727.0 

■84, 81 

.424 

)01.6 

29.* 

3.464 

131.0 

6.41) 

1622.1 

-90.23 

.416 

114.1 

27.0 

4.|4l< 

04. n 

4.191 

14)9.2 

•94.42 

.410 

121.0 

24.) 

4.8)6 

1)7.8 

4.244 

1469.8 

-98.04 

.409 

124.7 

21.6 

4.464 

06.9 

1.366 

14U.0 

•iCl.OO 

.400 

129,7 

22.4 

6.2B2 

161.) 

l.Cbb 

1)60.1 

-ICI.44 

.*96 

1)1.0 

21.4 

6.971 

1420 

2.tBl 

1)13.6 

-IC4.74 

.*9) 

>14.9 

20.4 

1.611 

341.1 

2.}b) 

12  74.8 

-1C  1,69 

.690 

118.4 

19.7 

6.281 

144.0 

2.Ub 

1260. 2 

-109,64 

.487 

)«0«6 

|4.t 

9.010 

344.) 

l.BBb 

1209.0 

-HI, 00 

.484 

142.6 

18.4 

9.7)4 

144.4 

1.M4 

1U8.1 

-1 12.42 

.481 

164.4 

17.9 

10.442 

144.4 

1.462 

1 141.8 

•H3.I2 

.481 

146.0 

)7.4 

11.148 

1.6)1 

U21.0 

-» l*.90 

.479 

147.4 

17.0 

11.141 

I.  )2) 

1104,1 

•1 16.00 

.*77 

1*8.9 

16.6 

12.427 

1.228 

1082.8 

-1 17.02 

.474 

140.1 

16.2 

1  1.184 

1.  146 

1062.6 

-1  17.96 

.4  74 

141.3 

14.8 

14.826 

l.C/0 

1044.2 

-1  18.84 

.47) 

142.4 

14.4 

14.494 

.9*<) 

1024.1 

-1 19.67 

.471 

143.4 

14.2 

14.220 

.9)6 

lOlO.l 

•120,44 

.470 

344.4 

|4.9 

14.944 

.arv 

994.4 

•121,18 

.469 

144.3 

14.7 

16.667 

.328 

919.8 

-121,87 

.467 

144.1 

14.4 

17.187 

.18) 

964.1 

•122.42 

.466 

146.9 

14.2 

18.101 

.141 

942.6 

-123.14 

.464 

147,7 

)).9 

18.811 

.101 

939.7 

-123.74 

.666 

148.4 

Il.T 

19.416 

.669 

927.6 

-124, >0 

.46) 

>49.1 

13.4 

20.212 

.618 

914.1 

•124.8) 

.463 

)»9,r 

13.3 

20.899 

.609 

904.0 

•124.14 

.462 

160.3 

13.1 

21.418 

.48) 

894.6 

-124.8) 

.461 

160.9 

13.0 

22.247 

.449 

886.2 

-126.10 

.460 

361.4 

12.8 

22.906 

.4)7 

876.6 

-126.74 

.449 

162.0 

12.6 

21.446 

.316 

864.0 

-127.18 

.449 

>62.4 

12.4 

26.197 

.49/ 

846.0 

-127.60 

.448 

161.0 

12.) 

26.828 

.478 

847.2 

•128.00 

.447 

16). 4 

12.2 

24.466 

.449 

838.8 

•128.)« 

.447 

M6.0 

12.1 

26.267 

.642 

830.7 

-128. 74 

.446 

164.4 

11.9 

26.991 

.626 

822.8 

-129.11 

.446 

>64.9 

11.8 

27.714 

.611 

814.2 

-129,46 

.444 

>64.3 

11.7 

28.618 

.397 

807.9 

-129.79 

.444 

364.7 

11.6 

29.160 

.381 

•00.7 

-110.12 

*444 

166.  1 

11.4 

29.880 

.311 

79). 8 

-1 30.6} 

.44) 

366.4 

11.3 

30.498 

.349 

787.1 

-130.7) 

.443 

366.  8 

11.2 

31.316 

.368 

780.6 

-1 31,03 

.44) 

367.) 

11. 1 

32.027 

.337 

776.3 

•131.31 

.442 

167.4 

11.0 

32. 7)7 

.12  7 

768.) 

-1)1.49 

.442 

)6T.8 

10.9 

33.663 

.317 

762.2 

-131*86 

.441 

M8.1 

10.8 

36.164 

.308 

746.6 

•132.12 

.441 

>68.6 

10.7 

36.86) 

14.696 

1942.0 

-72.77 

.449 

290.0 

34.3 

2.199 

290.0 

300.6 

321.2 

I  28C  tf  If*  C7  VAC 
IVk 

246.6  1*261  1.192 

102.6  1.161  1.461 

1)9.8  1.199  1.466 

1)0.0  1.494 

317.0  1.629 

162.)  1.646 

146.1  1.671 

169.)  1.649 

142.1  1.702 

134.4  1.71) 

146.4  1.72) 

148. 1  1.711 

149.7  1.7)9 

161.1  1.744 

162.1  1.741 

161.4  1.737 

166.4  1.762 

164.4  1.767 

166.)  1.771 

>67.1  1.774 

>67.9  1.779 

>68.6  1.712 

169.)  1.789 

169.9  1.788 

170.4  1.791 

>71.1  1.794 

>71.6  1.796 

372.1  1.799 

172.6  1.801 

IT). I  1.80) 

171.4  1.804 

171.9  1.807 

174.)  1.809 

174.7  l.Bll 

>74.0  1.911 

174.6  1.814 

374.7  1.816 

376.0  1.818 

176.4  1.819 

176.7  1.821 

177.0  1.822 

177.2  1.826 

177.4  1.824 

177.8  1.826 

378.0  1.827 

ITI.)  1.829 

378.4  1.830 

378.7  1.8)1 

379.0  1.8)2 

379.2  1.033 

324.3  1.402  1.472 


i 

t 


PftESSUAE  PPOPtLE  DATA 

SYSTEM  LKUIO  BIPAOPCLIANT  PC  )00*  PSIA 


COMPONENT 

TREE  FORMULA 

DENSITY 

heat  form 

wt 

OEG  X 

GM/CC 

ircal/form.ut. 

) 

120  0*F2 

1*5) 

♦  ).S 

sc 

200  N2*H4 

UOOA 

♦12*0S 

5C, 

eULK  CE^SITV  •  U2I2  GM/CC 

PIXTURE  RATIO  •  1*000  L8  0XIDI2ER  t  LB  Of  PUEL 

PRESSURE  propile  DATA 
CHAMBER  ENTROPY  EU/IOOCMS 

CHAMBER  THROAT 


FROZEN  EXPANSION 


PRESSURE* 

PSIA 

300*0 

134*7 

60*49 

27*16 

14*70 

12*20 

5*477 

2*460 

1.104 

•  496 

.223 

•  100 

164.4 

TEMPi  OEG 

R 

iSS9*2 

2992*3 

2506*1 

2009*4 

1010*5 

1732*2 

1426*0 

1 166.4 

946.4 

762.7 

611*5 

466*3 

3125.4 

enthalpy  I 

[-) 

-22*04 

B*68 

34.47 

56*02 

70*07 

73*94 

66*75 

100.91 

110.61 

116.62 

125.25 

130.41 

1.52 

CP 

•  S471 

.5362 

•  5241 

*5096 

*4972 

•  4933 

•  4755 

*4579 

*4422 

•  4299 

•  4212 

.4159 

*5392 

impul  opt 

163*46 

221*73 

260*59 

263*07 

266*96 

310.46 

327.05 

339.96 

350.06 

357*96 

364.17 

143.16 

2HPUL  VAC 

2S6.96 

279.46 

301.55 

315*74 

319*59 

333*93 

345.26 

354.16 

361.19 

366.69 

371.02 

254.66 

EPSUON 

1*023 

1*407 

2*223 

3*276 

3.702 

6*320 

10.922 

16.967 

33.095 

57.779 

101.006 

1.000 

SHIFTING  EXPANSION 


PRESSURE. 

PSIA 

300*0 

134*7 

60*49 

27,16 

14*70 

12.20 

5*477 

2.660 

1.106 

.696 

.223 

.100 

170.1 

TEMP.  OEG 

K 

3559*2 

3232.0 

2900*7 

2574*2 

2307*0 

2225.1 

1861*7 

1570.1 

1298.8 

1066.0 

868.6 

703.2 

3326.1 

enthalpy  I 

1-1 

-22*04 

9*56 

37*66 

62*42 

79*20 

*5.92 

102*24 

117.60 

130.37 

160.89 

169.50 

156.68 

.76 

X  BAR 

S.9C9 

5*796 

5.707 

5*647 

5*622 

5.61T 

5*606 

5.607 

5.606 

5.606 

5.606 

5.606 

5.826 

N 

5.9C9 

5*796 

5.707 

5*647 

5*622 

5.617 

5*606 

5.607 

5.606 

5.606 

5.606 

5.606 

5.826 

CP 

1*4446 

1*2133 

•  9548 

•  7202 

•  6061 

.5795 

*5101 

.6607 

.6605 

.6635 

.62*6 

.6171 

1.2856 

IMPUL  OPT 

165*81 

227*09 

271.07 

296*76 

503.61 

326*01 

366.55 

366.13 

376.69 

3*6.30 

396.09 

160.78 

IMPUL  VAC 

263*40 

290*06 

317.43 

334*56 

339.20 

356*56 

370.3* 

3*1.62 

390.21 

397.20 

602.76 

259.79 

EPSILON 

1*036 

1*A60 

2.440 

3*675 

6.171 

7*241 

12.691 

22.377 

39.560 

69.955 

123.636 

1.000 

COMPOSITION  SHIFTING  IMOL/100  CM) 


16*66 

F 

•  0098 

•  0042 

•  QC14 

•  0003 

•  0001 

•  0000 

*0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0055 

-64*50 

F*M 

1*8420 

1*6477 

1*6505 

1.0516 

1*6516 

1.8518 

1*6519 

1*6519 

1*8519 

1*6519 

U6519 

1.8519 

1.6464 

-26*10 

F#H»fl 

•  0000 

•  0000 

•  ocoo 

•  0000 

.0000 

•  0000 

•  0000 

•  0000 

*0000 

•  0000 

•  0000 

•  0000 

•  0000 

56*60 

F#N 

•  OOCO 

*0000 

«ocoo 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

-15*70 

F*N»C 

*0000 

.0000 

•ocoo 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

.0000 

•  0000 

•  0000 

32*40 

F*0 

•  0000 

•  0000 

•  ocoo 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

*0000 

•  0000 

•  0000 

•  0000 

•  0000 

•00 

F2 

•  OOCO 

•  0000 

•  ocoo 

•  0000 

•  0000 

•  0000 

*0000 

•  0000 

•0000 

•  0000 

•  0000 

•  0000 

•  0000 

52.10 

H 

*3941 

.2655 

*1531 

•  0670 

•  0266 

•  0168 

•  0030 

•  0003 

*0000 

•  0000 

•  0000 

•  0000 

•  3015 

79*20 

H*N 

.0002 

•  0001 

•  ocoo 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

.0000 

•  0000 

•  0000 

•  0000 

•  0001 

-10.00 

•  0022 

•  0012 

.0C05 

•  0002 

•  0001 

*0000 

•  0000 

.0000 

•  0000 

•  0000 

.0000 

•  0000 

•  0015 

9.33 

H*0 

*1230 

.0747 

•  0356 

•  0115 

•  0033 

•  0021 

•  0002 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0661 

•  00 

H2 

1*1932 

1.2006 

1.2187 

1.2425 

1*2572 

U2603 

1*2671 

1.2683 

1.2685 

U2605 

1*2665 

1.2664 

1.1974 

40*30 

H2*N 

•  0000 

•  0000 

•  OCOO 

.0000 

•0000 

•  0000 

•  0000 

.0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

-57.60 

H2*0 

•  7463 

•  6251 

•  6017 

•  9127 

•  9223 

•  9237 

.9257 

•  9259 

•  9259 

•  9259 

•  9259 

•  9259 

•  0041 

-11*04 

H3«N 

•  0000 

•  0000 

•  OCOO 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

.0000 

•  0000 

•0000 

•0000 

•  0000 

113.00 

N 

•  00C2 

•  0001 

•ocoo 

•  0000 

•  0000 

•  0000 

•oooo 

•  0000 

.0000 

•  0000 

•  0000 

•  0000 

•  0001 

21*65 

N*a 

*0200 

•  0100 

•  OC38 

•  0009 

•  0002 

•  0001 

•  0000 

*0000 

.0000 

•  0000 

•  0000 

•  0000 

•  0125 

6*06 

N«02 

•  0000 

•  0000 

•  ocoo 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  00 

N2 

1*S46« 

1.5545 

U550O 

1.5596 

1.5600 

1*5601 

U5602 

1.5602 

1*5602 

1.5602 

1.5602 

1.5602 

1.5S51 

19*50 

N2»0 

•  OOCO 

•  0000 

•ocoo 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

59*56 

0 

•  02  30 

•  0096 

•  0C27 

.0004 

•0000 

•0000 

•  0000 

•  0000 

.0000 

•  0000 

•  0000 

•  0000 

.0123 

•  00 

02 

•  0057 

.0026 

•  0006 

•  0001 

.0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

•0000 

•  0034 

214- 


wr.  s/o 


SVSTIM  IICUIO  •l^tSMLUNt 
COMMMNT  t«ir  fMHUl* 
OI&  K 
Ul  U92 
N}«H4 


»C 


l.OOO 

2.000 

S.OOO 

4.000 

S.OOO 

4.000 

1.000 

t.ooo 

9.000 
10.000 
11.000 
12.000 
I  l.OOO 
14.000 
IS. 000 
14.000 
17.000 
11.000 
19.000 
20.000 
21.000 
22.000 
21.000 
24.000 
2S.OOO 
24.000 
27.000 
24.000 
29.000 
10.000 
11.000 
12.000 
11.000 
14.000 
iS.OOQ 
14.000 
17.000 
14.000 
19.000 
«O.OOQ 
41.000 
42.000 
41.000 
44.000 
4S.OOO 
44.000 
47.000 
44.000 
•9.000 
40.000 
1.274 


l.OOO 

1.124 

9.4G7 

17.442 

27.7C9 

14.941 

40.440 

44.0SI 

74.144 

91.149 

lei.ii? 
121.241 
140. Sll 
144. 4C4 
I  74.742 
194.471 

214.414 
211. SC4 
2S2.449 
271. 4C4 
291.441 
114. 7CQ 
1)4.101 
141.299 

104.411 
4(1.241 
412. 1C7 
444.142 
440.144 
4C4.444 
429.041 
441. SIS 
474.024 
4C2.S4S 

429.411 

447.414 

494.411 
711.94) 

742. 7U 
771.744 
4CI .090 
•  10. 4(4 
•40.444 
990.4  7} 
920.444 
941.021 
991.424 
1012.141 
1042.901 
1071.747 
1104.414 
20.4|4 


P  #S|A  ieH4  (N744L4V 


100. COO 
144.441 
10.490 
14.794 
10.427 
7.704 
4.494 
4.444 
1.424 
1.220 
2.774 
2.411 
2.114 
1.194 
1.497 
1.414 
1.199 
1.241 
1.  147 
1.10) 
1.(22 
.940 
.44  7 
.410 
.  740 
.7)4 
.494 
.441 
.424 
.194 
.4*7 
.442 
.419 
.494 
.474 
.444 
.414 
.420 
.404 

.149 
.  174 
.  14 1 

.  144 


OCC  4  KC4L7I00G4  CM  OfC 


CN/CC  lKC4L/99IM.Hf • 

1.41  *1.4 

1.064  412.0S 

M«2€M  CIMNSISN 
C  SU4  •  4S4S.4  ff/SCC 
(4  C4i/  1  il4t  0CIV4C  OfiVAC  I  SIA  t  AT 


1449. 

1124. 

2144. S 

1449.9 

1444.2 

1441.) 

1444.0 

1174.4 

1101.7 

1241.1 

1204.2 
1141.) 
U24.0 

1092.7 

1042.4 

1014.1 

1010.2 

947.2 

944.9 

944.2 

927.7 

910.4 
494.) 
479.0 

444.7 

441.1 

414.2 
424.0 

414.1 

401.1 

712.7 

742.4 

772.9 

741.4 

744.7 

744.1 

717.9 


.  117 


.  106 
.294 
.244 
.279 
.272 
14.494 


■  7.9 

491.4 

474.4 
449.7 
444.0 

444.4 
441.0 

447.4 
1410.4 


22.04 
•I.S2 
-41.99 
-47.10 
•74.11 
-42. 4t 
-•7.4* 
-91.21 
-94.12 
-94.91 
-99.11 
-ICI.04 
-102.74 
-1C4.2* 
-K4.42 

-tc*.*s 

-IC7.97 
•tC9.00 
-109.99 
-110.12 
-111.44 
•112.40 
-111.11 
-111.7(1 
-114.40 
-1 19.00 
-114.4* 
-114.09 
-11*. 49 
-117. OT 
-117.41 
-117. 9J 
-114. !• 
-114.7* 
-119. 1* 
-119.41 
•119.49 
•120.21 
•12U.49 
-120.97 
-121.17 
-121.47 
-121. 7S 
•122.02 
-122.29 
•122.44 
•122.40 
•121.04 
-121.27 
•121.40 
•121.72 
•70.07 


.447 


1*1.2 
2S«.l 
27*. 4 

292.4 
lOI.* 
JO*.* 

111.9 

111.2 

121.7 
12*.  7 

127.2 

129.4 

111.4 

111.) 

114.9 
11*. 1 
117.* 
)}*.9 
140.0 
141.0 
142.0 

142.9 

141.7 

144.4 
144.) 
146.0 
14*. 7 
147.) 

147.9 
14*. 4 
149.0 

149.4 
140.0 

140.4 

140.9 

141.4 

141.9 

142.2 
142.* 
141.0 
141.) 

141.7 
)44.0 
144.1 

144.7 
>44.0 
144.) 

144.4 

144.9 
144. t 
2*). I 


111.4 
*2.9 
l*.l 
29.* 
2*.l 
2*.  I 

22.4 
21.0 
19.9 
19.0 
19.2 

17.4 
1*.* 
1*.) 


.*7* 

l.*0} 
2.0*1 
2.71* 
>.*11 
4.0*1 
4.  774 
4.4** 
*.17* 
*.*)) 
7.**2 

•  .17* 

•  .**9 
9.494 

14.9  10.2*7 
14.)  10.9*4 

14.9  II. *2) 

14.4  12.2*1 
14.2  12.ft*4 

11.4  11.497 
1).*  I4.)|0 
11.1  14.021 

11.1  14.7)0 

12.9  14.414 

12.4  17.142 

12.4  17.922 

12.2  19.404 
12.0  19.174 

11.9  19.9)9 
11.*  20.491 

11.4  21.112 
11.1  21.7*« 

11.1  22.1*4 
11.0  21.0*4 

10.9  2). 799 

10.7  24.411 

10.4  24.22) 
10.4  24.91* 
10.4  2*. *4) 

10.2  27.141 
10.1  29.046 
10.0  29. 749 

9.9  29.444 
9.9  10.140 
9.7  10. *4} 
9.4  11.424 
9.4  12.204 
9.4  12. *91 
9.4  11.441 
9.)  14,214 

12.7  2.22) 


241.4 

294.9 

>09.) 


LVI. 

244.  7  247.7 

279.*  2*2.9 

2*2.*  291.9 

294.0  >17.) 

122.) 
)2S.7 
129.1 
>29.9 
*31.1 

iii!? 

1)1.0 

))>.2 


254.7 
297.2 

112.9 
>21.9 

129.1 
>12.7 
II*.) 
1)9,2 

141.9 
141.4 
US. 4 

149.9 
1*9.) 
1*9.4 

140.7 

141.7 

142.9 

141.4 

154.2 

944.9 
>44.4 
>49.2 
>44.4 
147.) 
>47.1 

149.4 
>41.9 
149.  ) 
>49.7 
>90.1 
1*0.4 
1*0.9 
1*1.2 
1*1.4 
>*U9 
1*2.1 
1*2.4 
1*2.7 
)**.0 
1*1.2 
)*>»4 
>*>.7 
>**.9 
>*4.2 
>*4.4 
>*4.4 
>»4.« 
>*4.0 
1*4.2 


1.201 

1.149 


291.1  292.9  111.9 


1.242 

1.461 

1.417 

1.492 

1.61) 

1.4)4 

1.94) 

1.997 

1.679 

1.499 

1.49* 

1.704 

1.712 

1.719 

1.72* 

1.729 

1.7) 1 

1.7) 7 
1.741 
1.744 
1.749 
1.7S1 
1.744 
1.747 
1.749 
1.792 
1.794 

1.799 
1.741 

1.770 
1.772 
1.774 
1.774 
1.7T7 

1.771 
1.790 
l.7«t 
1.79) 
1.7*4 
1.7*4 
1.797 
1.7*9 
1.7*9 

1.790 

1.791 

1.792 

ur9> 

1.794 

1.794 

1.799 
U442 


«*SUO*l 


1.900 
2.090 

1.990 

4.990 

4.900 
9.000 
7.090 
9.000 
9.000 

10.900 
11.000 
12.000 
11.000 
14.000 
14.000 
19.000 
1  7.000 
19.000 
19.000 
20.000 
21.000 
22.000 
23.000 
24.000 
24. 000 
29.000 
27.000 
29.000 
29.000 
iO.OOO 
il.OOO 
12.000 
>1.000 
>4.000 
iS.OOO 
19.000 
>7.000 
>9.000 
>9.000 
40.000 
41.000 
42.000 
41.000 
44.000 
49.000 
49.000 
47.000 
49.000 
49.000 
40.000 
3.97S 


*C/» 

U9C0 


14.197 
21.1)9 
)2.17l 
42.0C2 
42.249 
6). 411 
74,474 
97.994 
ICO. 4*2 
111.2)4 
129. )«4 

140.9) 4 
144. 7V9 
171.04) 
199.4)9 
2C2.21C 

217.949 
2)1.942 
249,7)9 

294.9) 9 

292.714 
)C0.7}9 
119.147 
1)7.917 
14*. 72* 
1)4.949 
)94.17* 
414.94* 
4J4.27) 

441.949 
471.912 
49). *49 

411.9) 2 
4)>.9C9 
S4).919 
471.944 
44).942 

914.714 
937.142 
949.91) 

992.714 
7CS.SJ4 
729.191 
742.410 
776.190 
eco.249 
*24.274 
949.444 

20.914 


•  »llA 

)OO.COO 
170.1)0 
J4. 7)1 
19. 744 
12.497 
9.)2> 
7.142 
4,741 
4.722 
1.479 
1.410 
2.49) 

2.944 
2.  )74 
2.  DO 
1.924 
1.744 
1.909 
1.494 
1.179 
1.29) 
1.201 
1.124 
1.C91 
.447 
.940 

•  999 

•  941 
.  794 

•  749 
.72) 
.991 
.991 
■  91) 
.901 
.494 

.492 

.442 

.421 

.404 

.4*9 

.471 

.444 

•  4)9 
.424 


4H|>t|*(C  9I9994I9N 
C  $79*  •  9741.9  *7/$fC 
C*  C962  I  0*7  OfLVAC  DClVAC  I  $fA  I  >? 


.411 

.199 

.399 

.074 

.)*4 

.144 

14.999 


)449.2 

))2*.l 

J700.7 

2419.7 

2242.1 

2109.4 

1994.9 

1901.9 
1*21.4 

1746.2 

1697.4 

1944.9 
1499.) 

1447.7 

1420.1 
1414.* 

1444.2 
1424.0 
D9I.0 
1172.* 
1)49.2 
1)27.1 

1) 04.) 
12**. 7 

1299.1 

1240.4 

12)1. • 

1217.9 

1202.7 
11*9.2 

1174.) 

1191.0 

11*9.1 

11)9.0 

1124.2 

1112.9 

1102.0 

1091.4 

1091.2 

1071.4 

1091.9 

1042.9 

1041.7 
10)9.0 

1029.9 

1010.4 

1010.9 

1002.7 
999. 2 

997.9 

990.9 

2) 07.0 


22.04 
•.74 
-41.** 
•71.22 
•92.1* 
-90. >1 
-9*.)* 
•tCl.2l 
-104,19 
•1(9.44 
-111.49 
•111.97 
-tl*.20 
-119.20 
-120.00 
•121.*) 
-121.1) 
-124.90 
-129.77 
-129.99 
-129.04 
-129.07 
-DO. 01 
-D0.9> 
-Dl.7a 
-1)2.99 
-11). >9 
-1M.09 
-1)4.79 
-1)9.4? 
•D4.09 
-1)9.99 
-1)7,22 
-D7,7f 
-l)*.)0 
-Da.OI 
-D9.29 
•D9.7* 
•140.22 
•140.99 
-141.00 
-1*1.49 
•1*1.09 
•1*2. 2* 
-1*2.9) 
•1*2.99 
-I*). U 
•1*3.90 
•I**. 01 
-1**.3> 
•1**.9* 
-79.20 


vt  oeo 

l.**9 

1.209 

.904 

.990 

.900 

,4*9 

.427 

.41) 

.40) 

.*99 

.*90 

.*09 

.*0) 

.400 

.*77 

.474 

.472 

.470 

.490 

.499 

.49* 

.49) 

.*91 

.490 

.490 

.497 

.499 

•  494 

•  444 
.442 
.441 
.440 
.440 
.449 

•  440 
.447 
.449 
.**9 
.449 
.444 
.44) 
.4*3 
.442 
.441 
.441 

•  440 
.439 
.439 
.4)0 
.4)0 
.417 
.909 


1*0.9 

247.) 

294.9 

101.4 

112.7 

121.0 

127.4 
>12.7 
>17. 1 

140.9 
144.0 

149.9 

149.1 
>41.4 
>4). 4 

144.4 

147.1 

149.9 
190.0 
191.) 

192.9 
19). 7 

194.9 
194.0 
199.0 

197.7 

190.9 
199*3 

170.1 

170.9 

171.9 

172.2 

172.9 
>7).4 
)r4.i 
)74.9 
)74.2 

174.7 
)T9.2 
)79.7 

177.1 

177.9 
IfO.l 

170.4 

179.9 

179.3 
>79.7 

390.1 

300.4 
300.0 
299.0 

•tl5- 


119.0 

40.6 

41.6 
16.1 
>2.7 
>0.1 

29.2 

24.9 

24.2 

24.1 

21.2 

22.) 

21.9 

21.0 


IP 

.  700 
1.444 
2.10* 
2.799 
1.409 
4.220 
4.904 
4.924 
6.149 
7.01* 
7.772 
9.446 
9,104 
9.041 

20.4  10.479 
19.9  11. 104 
19.1  12,024 

19.9  |2.71> 

19.4  11.427 
19.1  14,104 

17.7  14.797 

17.4  14.411 
IT. I  19.110 

19.4  17.479 

19.1  19.  112 
19.0  19.041 

14.9  19.770 
14.9  20.49) 

14.1  21.210 
14.1  21.920 
14.9  22.924 
14.9  2>.119 

14.9  24.007 

14.4  24.909 
14.1  24.196 
14.1  29,019 

11.9  26.971 
D.9  27.114 

11.7  27.094 
D.4  29.729 

11.4  29.491 
11.)  10.194 
D.l  10.929 
11.0  11.991 

12.9  12.192 
12.9  )).12) 

12.7  )3,«4l 
12.9  >4.979 

12.9  39.302 

37.9  2.971 


CV4  10000  40000 


749.4  242.9 

269.4  292.9 

294.4  104.9 
>09.0 


241.6 
>04.4 

172.9 
>12. 9 
))9.4 
>41.9 
)47.2 
)49.7 
>41.4 
>47.1 
>4). 9 
>44.1 
>41.4 

144.7 

144.9 

144.9 


299.1  109.2  1)0.2 


I  VAC  Cr  $|A  if  VAC 
tVk 

249.1  1.239  1.1*9 

107.9  1.194  1.497 

129.4  1.409  1.449 

1)7, f  1.409 

144.4  1.649 

191.1  1.671 

394.6  1.694 

349.1  1.712 

392.)  1.727 

394.9  1.7)9 

)*7.2  1.790 

>99.1  1.749 

170.9  1.797 

172.4  1.774 

IT). 9  1.702 

174.2  1.7*9 

179.4  1.794 

177.4  1.799 

>70.4  1.904 

>79.4  1.609 

100.1  1.912 

111. 1  1.919 

111.9  1,920 

112.9  1.9?) 

>*).)  1.929 

101.9  1.010 

104.4  l>«)2 

104.1  1.914 

104.7  1.9)0 

109.2  1.040 

>09.7  1.041 

107.2  1.949 

107.9  1.947 

1*9.1  1.949 

300.4  1.941 

109.9  1.949 

109.)  1.944 

109.7  1.997 

>90.0  1,949 

190.4  1.990 

)90.T  1.992 

391.0  1.99) 

)9l.)  1,999 

391.9  1.999 

391.9  1.990 

)92.2  1.099 

192.4  1.970 

192.9  1.972 

391.0  1.97) 

19). )  1.974 

3)4.6  1.414  1.494 


PRESSURE  PRSPILE  DAT* 

SYSTEM  llOUIO  BIPROPELLSMI _ PC  iOO  PUA 

CSMPDNENT  TREE  FORMULA  DENSITY  HEAT  FORM  WT.  0/0 

- DEC  E - CllZDt _ IKCAt/FORM.Mf.l _ 

128  0*F2  I.S3  aS.S  S*. 

298  N2*H>i  I.OQA  . .  >I2.0S  N*. 

BULK  DENSITY  •  1.29)  GM/CC 

MITTURE  RATIO  «  1.2/3  LB  OXIOIEEA  /  LB  OF  FUEL 


PRESSURE  PROFILE  DAT* 
CHAMBER  ENTROPY  323.'^* i  fU/Vo OCRS 


CHAMBER 


THROAT 


PROIEN 

EXPANSION 

PRESSURE!  PSIA 

300.0 

134.7 

60*99 

_27.14 

14.70 

12.20 

5.477 

2.440 

1*109 

.494 

.223 

•  100 

145.0 

TEMP,  DEC  K 

3T39.S 

3137.9 

2423.5 

2184.1 

1890*7 

1808.4 

1988*2 

1215.6 

985.5 

793.5 

435.3 

506*7 

3281.4 

ENTHALPY  (-) 

-20.  17 

10.47 

36*  19 

57,54 

71.51 

75.35 

90.03 

102*00 

111*68 

119*79 

124.15 

131.23 

3.21 

CP 

•  5U0 

.5044 

•  9939 

.4809 

.4494 

•9660 

•  9990 

.4332 

.9189 

•  9069 

.3979 

•  3929 

•  5069 

IMPUL  OPT 

143.27 

221.34 

240.05 

282.41 

288.27 

309.44 

324.11 

356*93 

348.95 

356*79 

362*92 

192*63 

IMPUL  VAC 

256*55 

278.87 

300*81 

319*90 

318*72 

332*96 

399*20 

353*09 

359*98 

345.43 

369*70 

254.29 

EPSILON 

1*023 

J!-.217 

3*267 

3*689 

6*293 

.  10*869 

18.8H2 

32*801 

57*337 

100*117 

1*000 

SHiPTfNG  EXPANSION 

PRESSURE!  PSIA 

300.0 

134.7 

40.49 

27.14 

14.70 

12.20 

S.9T7 

2.440 

1.104 

•  996 

.223 

.100 

171.0 

TEMP,  DEG  K 

3739.4 

.3434.  1 

3150.4 

2873.4 

2453.3 

2583.5 

2244.8 

1952.0 

..  IBifiL-J 

1345.4 

1108.8 

904.8 

3522.4 

ENTHALPY 

-20717 

11.48 

io.ii 

45.42 

83.15 

88.20 

108. » 

125.47 

140.02 

152.14 

142.20^70.45 

2.37 

X  BAR 

5.414 

5.484 

5.373 

5.279 

5.223 

5.210 

5.  172 

5.158 

5.154 

5.154 

5.154 

5.154 

5.523 

N 

5.414 

5.484 

5.373 

5.279 

5.223 

5.210 

5.172 

5.158 

5.154 

5.154 

5.154 

5.154 

5.523 

CP 

1.7301 

1.5930 

1.3747 

1.0900 

.8581 

.7941 

.5844 

.4881 

.4524 

.4327 

.4157 

.4007 

1.4413 

IMPUL  OPT 

145.93 

228.42 

272.88 

299.81 

307.04 

334.22 

355.94 

373.31 

387.19 

398.32 

407.22 

140.05 

IMPUL  VAC 

244.09 

292.43 

320.94 

339.77 

344.95 

344.  52 

380.14 

392.45 

402.48 

410.72 

417.  IS 

240.14 

EPSILON 

1.038 

1.507 

2.520 

3*873 

4.425 

7.878 

19.016 

24.947 

44.487 

79.354 

U  1.344 

1.006 

COMPOSITION  SHIFTING  <M0L/lO0  CMI 

18.84  F 

.0245 

.0131 

.0043 

^0025 

.0010 

.0007 

.0001 

.0000 

.0000 

.0000 

.0000 

.0000 

.0159 

•A*. SO  F*H 

2.0495 

2.0410 

2.0478 

2.0714 

2.0731 

2.0734 

2.0740 

2.0741 

2.0741 

2.0741 

2.0741 

2.0741 

2.0581 

-24. 10  F«M«0 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

•  OOOO 

*0000 

•  OOOO 

•  OOOO 

.0000 

38.40  F<N 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.6600 

.0000 

.6600 

.5000 

*0000 

•oobb 

.0600 

-15.70  F»N«e 

.0000 

.0000 

•  OOOO 

•  OOOO 

.0000 

•OOOO 

.0000 

.0000 

.0000 

.0000 

•  OOOO 

.0000 

.0000 

32.li0  P*0 

.0000 

•  0000 

.0000 

•  OOOO 

.0000 

.0000 

.0000 

•  OOOO 

•  OOOO 

•  OOOO 

•  OOOO 

•OOOO 

.0000 

.00  F2 

*0000 

.0000 

•  OOOO 

•  OOOO 

•  OOOO 

.0000 

.0000 

•  OOOO 

*0000 

*0000 

*0000 

•  OOOO 

*0000 

S2.10  H 

•  ANOS 

.3286 

•  2301 

•  1990 

•  08T5 

•072S 

.0243 

•  0096 

•ooos 

•  OOOO 

•  OOOO 

•  OOOO 

•  3606 

79*20  H*N 

.0003 

•  0001 

.0000 

.0000 

.0000 

.0000 

•OOOO 

.0000 

.0000 

.0000 

.0000 

•  OOOO 

.0001 

-10*00  H«N«0 

.0032 

.0021 

.0013 

.0007 

.0003 

•  0003 

•  0001 

•  OOOO 

.0000 

.0000 

.0000 

.0000 

.0024 

9.33  H>0 

.2134 

.1440 

.1127 

.0444 

.0337 

.0242 

.0040 

.0004 

.0000 

.0000 

.0000 

.0000 

.1792 

.00  H2 

.7383 

.7080 

.4799 

.4404 

.4555 

.4559 

.4435 

•  6699 

.4714 

.4718 

.4718 

.4718 

.7170 

40.30  H2«N 

.0000 

.0000 

.0000 

.0000 

.0000 

•OOOO 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

-ST. 80  H2*0 

.4542 

.7400 

.8401 

.9452 

•9951 

1.0038 

1.0302 

i.0344 

1.0370 

1.0370 

1.0370 

1.0370 

.7286 

-I1*0R  H3«N 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

113.00  N 

•  OOOA 

*0001 

.0000 

.0000 

*0000 

.0000 

.0000 

.0000 

•  offoTT" 

.0000 

.ffooo 

•  0002 

21. 6S  N*0 

.0450 

.0302 

.0178 

.0085 

.0037 

.0027 

.0009 

.0000 

.0000 

.0000 

.0000 

.0000 

•  0399 

8.04  8*02 

*0000 

.0000 

•  OOOO 

•  OOOO 

•OOOO 

.0000 

.0000 

•  OOOO 

.0000 

•  OOOO 

•000b 

•OOOO 

•  OOOO 

•  00  N2 

1*3985 

1*3566 

1*3633 

1*3689 

1.3709 

1.3715 

1.3727 

1.3729 

1.5729 

1*3729 

1.3729 

1*3729 

1.3543 

19*50  N2*0 

•  OOOO 

*0000 

*0000 

•  OOOO 

•  OOOO 

*0000 

•  OOOO 

•  OOOO 

•0000 

.0000 

•  OOOO 

•  OOOO 

•  OOOO 

59* SB  0 

.0713 

•???*> 

.0028 

.0018 

.0001 

.0000 

.0000 

.0000 

.0000 

.0000 

.0512 

.00  02 

.0249 

*0186 

.6114 

.0049 

.Wif 

.0012 

.0001 

.0000 

.0000 

.0000 

.6600 

.0000 

.0204 

216- 


SVSTiM  llQUtO  ftlMeKLiANf 
c9Hr0NiMi  miF  raftfMJLA 
016  K 


PC  soo  »su 

DENiIfY  HtAI  FO0t*  Mia  0/0 
fiH/CC 


000  N2«Hfe  I.OOk 

FtOllH  e«f  AfUlOK 
C  SfAK  •  »0S2.t  ff/ift 

I  TEHF  EIThALfV  CF  CAC/  1  OFT  OELVK  CElVAt  1  SfA 
DEC  R  RCAl/IOOCH  CM  OEC  /P  IVL 


I  Al  1  Al  1  VAC  CF  SEA  Cf  VAC 

10000  soooo  IVl 


1,000 

1.011 

166.995  5201.6 

-5.21 

•  502 

162.0 

III. 2 

2,000 

9.162 

50.601  2295.2 

-55.66 

.60A 

255.9 

62.  r 

5,000 

17.955 

16. 711  1950.7 

-00.60 

.6/2 

2/0.0 

56.0 

6.000 

27.005 

1C, 766  1/55.9 

•7/. 00 

.666 

291.9 

29.2 

S.OOO 

99.1/1 

7.650  1618.6 

-66.12 

.65? 

501.2 

20.1 

0.000 

SI. 109 

i'fOJJ.  1516.6 

•00.09 

.651 

506.0 

25.9 

7.000 

06.690 

6.052  Ull.O 

•92.60 

.66/ 

911.2 

22.2 

B.OCO 

70.912 

9.002  1902.2 

-9S.65 

.662 

517. 6 

20.0 

9,0G0 

95*001 

9,  190  1506.  1 

-90.22 

.659 

520.9 

19.7 

10.000 

100.009 

2.756  1256.0 

-tOC.AI 

.654 

525.9 

10.0 

11.000 

126.206 

2.615  1210.1 

-102.51 

.615 

120.6 

10.0 

.A2M  SIO.A 
.«2*  SS2.A 
.A2A  SSA.O 
.A25  iSS.A 


.A02 

.AOI  )S).9 
.AOI  tSS.A 
.AOt  ISS.0 
.A«t  Ua.2 
.AOO  l>A,% _ 

TA«riVT.f~ 

.AQO  SSS.O 
.A/6  202.A 


16.1  0.0/9 

16.1  9. S/A 
IS.A  I0.2AA 
IS./  lO.AAO 
lA.B  n.SAA 

lA.A  12.255 _ 

U.}  I2.0A2 

11.  a  ll.S/i 
ts.s  U.2AA 

15.2  IA.99A 

12.9  IS./OI 

12. /  IA.A02 _ 

12. 5  I/.09A 

12.2  1/./0S 

12.0  la.AAA  ' 

II. a  19,155 
II./  I9.r95 

11. 5  20.AA1 

Ti.5  2C5l5 

11.2  21. /OB 
11. 0  22.55/ 

10.9  25.0AA 
10./  25. /S/ 

lO.A  2A.AAh _ 

lo.s  2S.T7i 
10. A  2S.aa/ 

10.2  2A.S9S 
10.1  2/. 500 
10.0  2a. 005 

9.9  20. 202 
9‘;a  J9.50a  ■ 

9./  5C.D90 
9.6  50./// 

9.S  5I.AS9 
9. A  52.19/ 

JffH:!?;  - 

9.2  5A.I5S 

92. 5  2.211  202.1 


2A/,I  2S9.I  2SA.} 

202.2  29A.2  290.6 

291.2  500.0  512.1 

2«5.}  916. S  521.1 

521.5  527.5 

i2A.9  551.0 

12/. 1  59S.A 
520.9  556.9 

590.1  SAO.A 
551.0  SA2./ 
951./  9AA.A 

_ 

992.2  lA/.i 
5A0.S 
5A9.6 
5S0.A 

551.5 

_ 

5S5.  I 
9S9.0 
iSA.S 
9SS.  I 
9SS./ 

_  _  5^4.1 5 

5S6.0 
5Sr.5 
5S/./ 
5S0.  I 
9S0.A 
5S9,0 

......  J59,5"' 

559. / 

560.  C 

500.5 
500./ 

__  _ 501.0 

501.5 

501. 5 
501.0 
502.  I 

502.5 
_  502, S 

502.>" 

505.0 

505.2 

905.A 

501.0 

_ _  _ 59i4B. 

ioa.T 

50A.2 

292.2  511.  1  IIA./ 


I.20A  I.2S2 

1.560  I.A6I 

1.590  I.SS/ 
1.502 
1.612 

_ »A6ii-- 

I.6S2 

1,606 

I.O/M 

i.oaa 

1.090 

l./OA 

1,/1I 

i.n/ 

1.722 

I./?/ 

1.751 

_ _ 1./J6. 

i.ri9 

I.7A5 

I.7A0 

1.769 

1.752 
_  1.75S 

r.7S7 

1.700 

1.702 

1.706 

1.760 

1.700 

'  "“T.rro” 

1,772 

1.779 

1.775 

1.770 

i./ra 

- KTf» 

1.701 

1.702 
1.705 
i./as 
i.rao 
T.nr 
1.75(1 
1.709 

1.790 

1.791 
1.799 

- T.799" 

1.796 

1.591  I.5SI 


SHlFTtAC  UFO0S1ON 
C  Staa  •  07/7.0  Ft/SK 

I  1CHF  (AfHAiOT  C6  CAk/  1  005  OCkVAC  OHVAk  t  SEA 
0E6  B  RUk/tOOC0  60  OfC  fP  IVk 


i.ocd 

1.756 

1/1.020 

3522.6  -2.17 

1.661 

160.  1 

120.  I 

.702 

269.0 

2S2.9 

250.9 

200.1 

2.000 

0.166 

35.955 

2909.1  -55.22 

1.21/ 

256.0 

52*0 

1*602 

207.9 

296.6 

500.9 

309.6 

1.000 

16.902 

2C.976 

2706.1  -72,9/ 

.995 

206.6 

60.6 

7,11/ 

297. 9 

107.5 

125.6 

529.0 

6.0GO 

21.306 

16.062 

2930.6  -06.19 

,062 

101.6 

19,6 

2*009 

112.2 

ISO.  1 

361,1 

S.OOO 

29.221 

10.257 

2510.0  -97.70 

.760 

513.6 

10.1 

3.51/ 

365.5 

369.5 

37,7*'9 

7,9«5 

35>.(» 

7.0(,0 

60.719 

0.6/2 

2131.6  -106.17 

.618 

129.2 

11. r 

6.930 

352.6 

loori 

A.OCO 

SS.995 

5.950 

2255, 7  -100.71 

.501 

}$6.9 

Mi.l 

5.021 

1S5.6 

30s. 0 

9.QC0 

00.299 

6.5/0 

2107,9  -112.60 

.556 

139.2 

20.a 

0.  IS* 

157.0 

30A.5 

10.000 

77.001 

9.090 

2120.7  -115.70 

.556 

l6i.« 

27,0 

7.000 

159.5 

371.6 

II.OCO 

aa.cci 

1.609 

207  1.6  -110.50 

.510 

167.6 

70.0 

7.005 

500,7 

376.0 

12.000 

99.199 

9.0/5_2021.L_- 111*09 

.506 

a.SOL 

lol.a 

3/0.1 

13.000 

110.601 

2.(10 

1975.0  -125. tri 

.696 

1S3.6 

76.9 

9,177 

502.7 

1/0.1 

16.009 

1?  1.790 

2.609 

1932.0  -US.OO 

.609 

15S.9 

26.2 

9,051 

101.6 

100,1 

I5.0CO 

196.665 

2. 191 

1099.9  -127.  92 

.602 

156.2 

21.0 

10.S06 

301.0 

101.0 

10.000 

167, 60A 

2.096 

I0S7.9  -129.06 

•  6/6 

560.5 

23.0 

11.500 

106.0 

30  1.3 

17.000 

100.770 

1.000 

1026.0  -130.01 

.6/2 

162.2 

22.5 

12.012 

106.1 

106./ 

IB. 000 
19.0C0 

1  76.929 
100.000 

1./2I 

1.595 

1/93.1  -112.10 

1701.7  -tSS^O/ 

•  660 
’  .665 

166.0 
165'.  6 

».0_12*/00. 
21.5  M.6f9 

-  - 

306.2 

305.9 

50/ri 

7O.CC0 

201.951 

1.600 

1/30,1  -156,75 

.662 

16/.I 

21.1 

16.100 

500.2 

2I.OCO 

215.996 

1.909 

1/10. 1  -135.96 

.659 

160.5 

20./ 

I6,00» 

309.2 

22.000 

229.995 

1.906 

I0B5.S  -137.00 

.65/ 

909,9 

20.3 

15*571 

390.2 

23.0CO 

266.095 

1./29 

1902.7  -110.12 

.655 

in.i 

20.0 

16.266 

191,1 

26.000 

258.227 

1.102 

1060.1  -119.12 

•  656 

i/i.i 

19.0 

391.9 

25.000 

272.656 

1.101 

1619.1  -lAO.O'/ 

.652 

171.6 

19.3 

iif;5ss 

392.7 

20.000 

200.206 

1.061 

1599.1  -160.90 

.651 

126.6 

19.0 

10.291 

393.6 

27.oro 

106.207 

.900 

1500.6  -161.02 

.669 

175.6 

10.0 

19.027 

196.2 

20.000 

120.663 

.930 

1562.1  -162.55 

,660 

170.5 

10.5 

19.763 

396.0 

29.000 

310.019 

.991 

1565.0  -165.60 

.666 

1/7.2 

10.5 

20.699 

395.5 

10.000 

155.521 

.069 

1520.5  -166.16 

.665 

170.1 

10.0 

21.252 

190.1 

II.OCO 

370.526 

.010 

1512.0  -166. IS 

•  666  )t9.9  r/Tll  2l.W' 

190.7 

52.000 

107.273 

,775 

1697.1  -165.52 

,665 

179./ 

17*0 

22.609 

397.2 

13.000 

606. 36N 

.762 

1602.0  -166.17 

.662 

100.6 

17.6 

23.611 

39/. 0 

36.000 

621.513 

.712 

1660.5  -166.00 

.661 

501.  1 

ir.2 

26.12/ 

390. 3 

15.000 

630.009 

.606 

1656,0  -162.60 

•  660 

301.8 

l/.O 

26.050 

390.0 

I  At  I  VAC  CF  SEA  CF  VAC 
SOOOO  kVL 


1.299  i.iao~ 

1.107  1.609 


1.AI0  1.502 

1.019 


.650  lAAl.f  -Uf.li 
.099  1A29~.'0  '>IA6.5A 
.611  lAIO./  >109, 07 
.590  IAO6.0  'IA9.59 
.5/0  1599.2  -190.10 
.552  1902.1  -ISO, 50 
.555  15/1.2  -191. OS 
.510  1900.f~  -fSI.5l 
.505  1550.5  -191.95 
.600  15A0.6  -192.90 
.6/5  1551.0  -192.79 
.690  1521.6  -195.70 
.665  1512.5  -19^99 
.652  ISOS'.O  -I9i.*f 
,620  1296.9  -196.96 
16.690  2655.5  -09.19 


.699  502.9 

.690  !0jTn 
,65/  909.7 
.616  506.5 
.656  506.9 

.659  909*6 

,656  509.9 

.aTa'IWTV" 
.655  90/.O 
.652  907.6 
*652  507*9 


‘1.949.465  _ 

f6*6  26.261 

16.9  26*952 
10*5  22.010 

16.1  20.292 
19.0  20.901 

15.0  29.022  _ 

W.TTO.FfO - 

19.6  50.923 

19.6  51.612 

19.5  52.56/ 

19.2  59.009 
19.0  55.019 

OiA.as . 

16*0  59*290 

kA.a  9. *16  966-6 


1.091 

1.095 

1.H96_ 

. UR90 

1.900 
1.902 
1.906 
1*906 
1.90/ 
"  1,909 
1.911 

1.915 

1.916 
1.916 

_  1,912 

1.9|9 
1.920 
1,625  1.015 


PftCSSUftE  OAFA 

TREE  FORMULA  DEMSItY  HlAT~FeRV 


ria  i.i.n  ir 


128  ««F2 

288  N2»Hli 


.*12.0$ 


,JlUkK_DEI«lllLj!  CM/tC _ _  _ 

MIxrUME  RATIS  •  1.832  18  8XIDIZE8  /  LH  (F  FUEL 


FKES3U8E  PROFILE  ORTA 
»TM8iF  ENTAOFV  ^10.73  EU/ fOOCMS 


PRESSUREi  PSIA 
TERPt  OEG  K 
ENTHALPY  <•) 

CP 

IPPUL  OPT _ 

ipp'ul'  vac 

EPSILOV 


PRESSUREi  PSIA 

TENPi  0|GJ< _ 

ENTHALPY  l-l 
X  BAR 
N 

CP 

INPUL  OPT 

INPUL  VA{  _ 

EPSILON 


300i0 _ !3N.7_ 

3068. 0  323N.N 

-18,31  JUSL 

.6796  .6711 


300.0  136.7 

3068.0  3S62.2 
-18.31  12.87 

S.366  $.216 

$.366  $.216 

1.7920  1.7608 


.0$17_  .030$ 
2.2666  2.26S7 
.0000  .0000 


FROZEN  EXPANSION 

_ 27jtl6_  16.70  J2t2t  $.677 

2236.6  1931.2  1866.0  ISI6.3 

$7.87  71.6$  7$. 19  89.63 

.6697  .  6399  .  6366  .6221 

257.63  279.63  28$. 19  306.1$ 

297.57  311.36  315.09  329.00 

,-^2QS— 5«|62,  .3,^58  .  6,225 

_ SiUFtINC_EXPAIj$UH<_ 

27.'16  16.70  12.20  $.677 

3036.2  2853.2  2798.8  2565.8 

66.29  86.07  89.20  109.92 

Jl.987_  jl,913  6.892  6.812 

6.987'  6.913  6.892  6.812 

__U.6.9J0  1.3617  1.2912  1.  OSP  7 

271.28  298.66  305.82  333.98 


CONPOSIT'ION  SHIFTiNC  IMOL/iOO  ONI 

j0176  .0093  iOO$6 _ ,0065  .0019 

‘2.2789  2.2870  2.2909  2.2918  2.2966  2 

.0000  .  0000  .  0000  .  0000  .  0000 

higaa — .aaaa  .aaaa — nsssa — nreaa — 

.0000  .0000  .0000  ...0000  .0000 

.0000  .0000  .0000  .0000  .0000 

.0000  .0000  .0000  _.oooo  _.0000 

.'225'f  .  1522  .1058  .0936  .0691 

.0000 _ .0000  .0000 _ .0000 _ ,0000 _ 

.0019  .0013  .0059 .0008 .0005 

_.2000  _  .1566_  .1195  .1091  .0669 

.3296  .2791  .2378'  .2269  .1693 

.0000  .0000  .0000  ^  _.0000  .0000 

.6890  '.'7969  .8751  .8990  .9967  I 

.0000  .0000  .0000  .0000  .0000 

.0001  ^5555  75555  ^5555  75555 

_  .J0659 _ ,0326_  .0238  _.0216 _ ,0123 

'.0000  .O'OOO  .0000  7o560  .'5000 

1.1618  1.1687  1.1733  1.1766  1.1796  1 

.0000  '  .0000  .0000  .0000  .0000 

.0792  .  0500  .  0322  .0277  .0122 

.0661  70576  70683  75551  75258 


J.660_ 

1233.3 

aoi.os 

.6067 


.123  _  .100  166.1 

639.3  508.7  3381.1 

126j,2$  129,11  6.89 

.3766  .3698  .6730 

352.16  358.11  162.06 

~360.56  '366.6?  252.02 

$6,191  97.911  1.000 


6_.705  6.70$  $.252 

6.76$'  6.70$'  $.252 

.6089  .391?  L,?810 

606716  '616.72  138.83 


96.523  170.151 


1.57  258.22 


.0000  ^0359 
2.2963  2.2606  ' 
.0000  .0000 
75555  76550" 
.0000  .0000 
.0000  .0000 
.0000  .0000 
.0000  '.'3603 
.0000  .0001 


.2553 

”.587T 

.0000 

.5568 

.0000 

"76503 

.0657 

.6000 

1.1511 

.0000 


1 


SVSTIM  IIOUIO  •IMftHlLANt 
CaUfOMCMf  tRkf  fatlPUL* 
Oic  K 
taa 


N2«Nii 

Flt01i*i  exr*KS19N 


PC  SOO  fSlA 

DtNSlfy  HiAl  F«IU« 
6M/CC  IKCAL/PWM.Mf. 

_ usi  ti.t 


•12. os 


COSllOH 

PCiP 

1.000 

P  85U 

iQOiUO. 

TIN8  fNiHOlOV 
Die  R  RCOl/tOOCO 
5068.0  18.11 

C  5f*8  • 
C8  ui/  t  081 
C8  Die 
*679 

0609.1  ri/5fC 
0CL9AC  CIlVAC 

/P 

i  5f* 
IVL 

1  87 

toooo 

1  67 
50000 

I  V6C 

Cf  516 
LVl 

C8  V6C 

1.000 

1.829 

106.050 

998).l 

-6.01 

•  673 

162.1 

MO.O 

.070 

262.2 

265.1 

250.9 

252.0 

1.206 

1.253 

2.000 

9.916 

50.201 

2510.9 

-56.20 

-052 

251.7 

61.9 

1.505 

275.S 

279.6 

291.5 

295,0 

1.159 

1.600 

5.000 

18.155 

16.526 

1988.0 

•00.95 

.662 

275.5 

31.5 

2.010 

279.2 

209.1 

505.6 

508.0 

I.SH9 

1.530 

6.000 

28.267 

10.621 

1785.5 

-77.82 

.656 

209.2 

20.5 

2.605 

290.1 

515.1 

517.7 

1.580 

5.000 

39.759 

7. ’>65 

1661.1 

•03.96 

.620 

290.5 

25.6 

5.171 

5)8.0 

521.7 

1.0)0 

0.000 

51.970 

5*7  72 

15491.2. 

-08.55 

106.9 

25.5 

6.050 

520.2 

7.000 

65.020 

6.572 

1669.1 

-92.17 

•  619 

510.0 

21.0 

6.727 

323.0 

531.6 

1.069 

8.000 

00.352 

1.736 

1578.1 

•95.13 

•  615 

516.2 

20.5 

5.626 

325.2 

556.6 

1.663 

9.000 

95.502 

1.  16  1 

1518.2 

•97.01 

.612 

117.0 

19.2 

0.102 

320.3 

550.7 

1.075 

10.000 

110.837 

2.707 

1766.6 

-99.72 

.609 

120.6 

10.1 

0.765 

127.2 

550.7 

1.095 

11.000 

120.750 

2.907 

1221.5 

-101.50 

.600 

522.9 

17.5 

7.  182 

127.9 

560.6 

1.093 

12.000 

166.551 

.-JftitW 

.09^ 

525.) 

U.8  8.098 

320*1 

^•1.9 

1.700 

15.000 

165.000 

1.860 

IU5.0 

-106.03 

.602 

527.0 

U.2 

8.792 

128.2 

163.2 

1.707 

16.000 

181.929 

1.069 

1111. 5 

-105.92 

.600 

520.7 

15.0 

9.600 

366,6 

1.7)9 

15.000 

201.200 

1.691 

1066.0 

•107.09 

.590 

150.1 

15.2 

10.106 

565.5 

1.716 

16.000 

220.095 

1.559 

1057.2 

-100.10 

.59? 

151.7 

16.7 

10.050 

160.6 

1.723 

17.000 

260.318 

1.260 

1032.5 

•109.16 

.595 

513.0 

16.5 

11.675 

567.5 

1.727 

18.000 

260.015 

M56 

ioc9«r 

-1)0.06 

.196 

556.1 

16.0 

12.100 

360.1 

1.711 

19.000 

210. 7CB 

1.009 

969.6 

-110.87 

.591 

555.2 

li.O 

12.768 

360.0 

1.7.15 

20.000 

103. 1 76 

.990 

968.8 

-111.06 

.592 

150.2 

15.  1 

11.652 

169.5 

1.7  38 

21.0CO 

126.150 

.920 

950.6 

•112.30 

.191 

117.2 

15.0 

16.157 

350.2 

1.762 

72.0C0 

369.591 

.056 

153.0 

-111.06 

.190 

ISH.O 

12.8 

16.859 

350.8 

1.765 

25.000 

375,650 

.805 

916.8 

-Ill.Of 

.  109 

119.8 

12.5 

15.557 

151. 1 

1.76  7 

26.000 

317.598 

.755 

901.6 

-116.27 

.180 

519.0 

.  '^.4 

10.750 

151.9 

I.7S0 

25.000 

622.065 

.711 

886.1 

-116.93 

.597 

160.  1 

12.0 

10.935 

352.6 

■r;y52 

26.0C0 

666. 719 

.672 

673.2 

- t 15. lO 

.300 

161.0 

11.9 

17.6)3 

352.8 

1.755 

27.000 

671.576 

.690 

660.  1 

-115.80 

.  305 

561.0 

II. 0 

10.20) 

353.5 

1.  757 

28.000 

696.575 

.606 

667.7 

-no.  SO 

.165 

562.1 

11.6 

18.919 

353.7 

1.759 

29.000 

521.079 

.575 

835.9 

-110.80 

.306 

162.8 

11.5 

19. <>80 

156.  1 

1.761 

lO.OCO 

566.067 

.569 

636.6 

-117.23 

.101 

165.6 

ll.l 

20.221 

356.5 

1.703 

31.000 

572.119 

.526 

61  3. i 

-n7.06~ 

.lai 

i6f:®’ 

to. 9  '20.869 

356.8 

l.205 

32.000 

597,625 

.502 

60  3.5 

-119.06 

.192 

166.6 

10.9 

21.605 

355.2 

1.700 

ll.OCO 

626.759 

.600 

791.6 

-119.61 

.392 

166.9 

10.0 

22.t6C 

355.5 

1.  768 

16.0C0 

655.290 

.659 

786.  1 

-118.78 

.381 

165.5 

10.5 

22.866 

355.0 

1.770 

35.000 

662.219 

.66C 

77‘,.C 

-119.12 

.301 

165.8 

10.6 

23.56.3 

350. 1 

1.771 

16.000 

166.1 

-119.60 

.190 

10.2 

57.000 

761. 109 

.605 

'757.0 

-119.79 

.  IflO 

160.0 

10.  1 

26^55 

■■ 

350.7 

1.f76 

18.000 

771. 1 58 

«  189 

769.  7 

-130.09 

.380 

167.0 

10. c 

25.650 

157.0 

1.775 

39.0C0 

M(;l.6C2 

.176 

761.8 

-120.31 

.179 

167.6 

9.9 

26.150 

357.2 

1,  777 

60.000 

031.917 

.50  1 

736.1 

-130.07 

•  379 

367.7 

9.8 

27.052 

357.5 

1.770 

61.000 

862.719 

.  160 

727.0 

•120.95 

.179 

160.  1 

9.0 

27.760 

357.7 

1.779 

62.0C0 

811.725 

.119 

7(9.9 

-121.23 

.ir« 

168.6 

9.5 

28-630 

357.9 

1.780 

63.0C0 

926.927 

.126 

711.0 

-121.68 

.170 

368.7 

9.0 

29.122 

350.2 

1.  701 

66.000 

156. 909 

.116 

706.6 

-i2<.ri 

.  170 

<69.0 

9.3 

29.805 

359.6 

1.702 

65.000 

187.050 

.506 

7(^0. 0 

-121.97 

.377 

169.  1 

9.3 

50.679 

358.0 

1.793 

66.000 

1019.550 

.296 

691,7 

-122.20 

.377 

169.0 

9.2 

51.151 

150.8 

1.  796 

67.0C0 

1051.531 

.205 

667,  7 

-122.63 

.177 

169.  7 

9.) 

11.817 

159.0 

1.  785 

68.0C0 

1085.259 

.277 

681.8 

•122.05 

.170 

350.2 

9.0 

52.677 

359.2 

1.700 

69.0C0 

1115.230 

.269 

676.  i 

-122.87 

.irr 

*i?r.6 

0.® 

TT.iii 

354.6 

l•^A7 

5C.0Q0 

<167.312 

.261 

67C.5 

-121.08 

.370 

150.7 

8.9 

55.780 

159,5 

1.780 

5.262 

20.616 

16.696 

1131.2 

•71.65 

.660 

279.6 

51.9 

2.175 

279.6 

209. 1 

307.  7 

3M.6 

1.390 

1.509 

5Ml1f|*te  CXMHSm 

c 

5U8  • 

0725.6 

81/5K 

ffSUON 

PC/P 

P  8510 

TIM8 

C6I8A48T 

C8  C8L/  I  987 

DCIVM 

ouv6e 

1  516 

1  61 

1  61 

t  V6C 

CP  516 

C8  «6C 

DK  «  RUl/ 10008 

e*  ote 

IP 

iVt 

toooo 

50000 

IVl 

1.000 

500,000^008*0 _ 14*11  1.792 

1.000 

».  751 

(71.197 

3650.6 

•1.65 

1.701 

130.0 

119.6 

.097 

260.0 

251,1 

257.0 

250.2 

1,235 

1.  100 

2.0C0 

0.201 

56.510 

3161.5 

-55.79 

1.505 

256.0 

52-0 

<-655 

200. 0 

292.6 

300.9 

307.1 

1,300 

1.670 

5.UC0 

13.992 

21.661 

2946.6 

•73.16 

1.659 

202.1 

65.0 

2.101 

290.5 

505.0 

321.0 

127.1 

1.617 

1.505 

6.000 

20.055 

16.526 

2069.0 

•86,60 

1.539 

290.9 

60.5 

7.787 

510.9 

310. 0 

339.6 

1,026 

5.0CC 

27.905 

10.751 

2762.5 

-92.57 

1.250 

3)0.0 

57.5 

3.609 

5)2.5 

362.  1 

360.1 

1.005 

«.000 
r.ooo 
e.oco 
•  .OC3 

lo.oco 
11.000 
I?. 000 
M.OOO 
tb.OOO 
IS.OCO 
I6.0CO 
ir.oQO 
I9.0CO 
19.000 

;o.ooo 

?i.oao 

9?. 000 
29.000 
7».000 
2S.00Q 
26.000 
22.000 
7tl.0C0 
29.000 
JO. 000 
JI.OOO 
12.000 
11.000 
ib.OOO 
3S.00O 
I6.0C0 
17.000 
S8.0CO 
59.000 
60.000 
61.000 
62.000 
65.000 
66.000 
6S.000 
66.000 
62.000 
60.000 
69.000 
SO. 000 
5.966 


JS.6S6 

6S.6S9 

51. 262 
60.5S0 
69.695 
26.620 

60.262 
92.690 

102.  116 
<16.600 
>26.290 
116.919 
162.  265 
150.  252 
169.020 
<61.112 
192.656 
209.062 

215.956 
226.062 
210.505 
269.960 
261.596 
229.296 
206. 165 

299.205 
912.612 
925.  225 

119.206 
552.929 
166.705 
900.595 
J96.592 
600.202 
622.900 
692. 105 
651.550 
665. 90S 
660.695 
695.059 
509.002 

526.956 
519,029 
559.067 
560.050 

20.616 


9 . 6 16^692it  ._ii#*9i_  U  !Pi_lt9^9 

6.021  2611.9  •t06.ll  1.126  126.1 

5.29«  2503.2  -106.65  <.020 

6.921  2556. 6  -<12.19  i.02< 

•l<5.66  .922 

•I >6. 36  .952 


-125.66 

-122.65 

•129.26 

•150.96 


6.112  2690.5 
3.606  2661.9 

262ibl_..- _ 

3.021  2396.9  -121.  31 

2.001  2362.6 
2.525  2159.9 
2.525  25M.6 
2. <91  2260.5 
_2.091  2266,6  _-l52_.56 
1.090  2261.6  -156.01 

1.266  22<9,6 
1.656  2196.5 
1.559  2120. I 
1.622  2150.6 
1.393  II19£5 
1.129  2120.9* 

1.250  2105.0 
1.200  2005.6 
1.162  2066.2 
1.090  2052.7 
1.060  2055^5 _ - . 

t.ooj  ?ol975 

.960  2005.6  -162.62 

.921  1902.9 
.606  1922.9 
.050  195H.2 
.010  -150.52 

■  ,286  1929.9  -fsT.TT 
.260  1916.5 
.256  1905.0 
.209  1090.0 
.606  1022.9 
.666  1066.9 
.666  1052. f 
.626  1060.9 
•606  1029.9 
.509  lOIO.O 
.522  1006.9 


132. 

116.9 

161.1 

366.6 


5.5811 

6.296 

2.022 

7.256 


.067 

.057 

.008 


12.6 

II.  1 

10.5 

29.5 

_ tOiO  - 

551.0  20.1  9.16) 

27.5  9,055 
27.0  10.697 

26.5  n.l6l 
26.0  n.609 


555. 

556.1 

550.1 
560.5 


605 
•  665 
.666 
.629 
.6)5 
.59f 


-195.67 
-156.76 
•152.90 
-t 59. 16 
•160.22 
-16), 56 
-162.55  .505 

-165.57  .520 

•166.25  .550 

-165.16  .566 

166.00  .552 


-169.59 

-169.12 

•169.06 


.256 

.229  562.5  25.0  12.616 
.206  506.0  25.2  I5.16r 


565.7 

567.5 

560.7 

170.1 

Jfli* 

iiTTT^ 

575.9 
575.0 

576.1 

977.1 

578.1 

JTCJT 

179.9 

100.8 

191.6 
902.5 

501.2 


26.0  16.065 
26.5  16.778 
26.1  15.687 
25.0  U.I6B 
25.k  10.090 


556.9 

557.5 

559.5 

101.  I 

509.5 

506.6 
505.2 
505.8 
500. 1 

_ 500*6 _ 

)00.5 

500.5 


-151.09 

-152.65 

-151.00 

-155.06 

-156.21 

-IVi.fo" 

•155.50 

-155.02 

-150.55 

•150.02 


■.6io"  "ioorfi 


79.. 

22.9  10.290 
22.7  10.900 
22.6  <9.556 
22.2  20.210 

21.9  20.950 

Tr.TTT.oio  ■■ 

21.5  22.17) 

71.5  29.091 
21.1  25.01) 

20.9  26.529 

20 - 


.605 
.670 
.671 
.669 
.665 
;66i 
•  657 
.656 
.651 
.660 


506.7 

105-6 

106.) 

586.0 

587.6 

4087®' 

500.0 

909.2 

909.0 

190.5 


20.5  20*077 

20.1  27.501 
19.9  28.087 
)9.e  28,789 
)9.0  29.600 

59.6  10.186 
19.5  50.875 

19.1  51.502 
19.0  52.265 
10.0  57.925 


,557  1790.0  _rl57.50  .665  590.9  10.7  39.598 

.562  I7i5.6'  -Rr.lf  .665  591.6  '  10.0  16,209 

.520  1775.0  -150.22  .660  191.9  10.6  56.955 

16.090  2055.2  -86.07  1.562  2 


00.0  2.705  290.6  310.7  156. 5 


560.1  - 

106.5 

508.2 

571.5 

176.1 

570.9 
■579,) 

581.2 

905. 1 
506.0 

580.6 

J07j9  „  _ 

509.1 
590.5 

991.7 

592.9 

995.9 

596.9 

595.9 
590.0 

197.7 

590.5 

599.1 
600.0 
6tf0.f 

601.6 
602.  I 

602.7 

601.9 

609.9 
"606.  S 
605.0 

605.5 
600.0 

600.5 
607.0 
60^5 

607.9 

600.9 

600.7 

609.2 
609.0 
OOf.f 

610.5 

519.0  1.628 


J^097  , 
1.725 
1.766 
1.762 

i.rrr 

1.791 

1.805 

I.8U 

1.826 

1.051 

1.061 

1.869 

1.850 

'1.862 

<.008 

1.076 

1.879 

1.005 

1.089 

1.896 

1.898 

1.902 

1.900 

1.910 

1.916 

1.917 
1.920 
1.925 
1.920 
1.929 
1.952 
1.055 
1.957 
1.960 
1.962 
1.965 
1.967 

'  f.969 
1.951 
i.osi 
1.955 
1.957 
1.959 

i.9or 

1.905 

1.022 


PRESSUIte  PRSFILE  DATA 

SYSUH  LlfiUlO  BlPROPELLAtil _ PC  JOO  PSIR 

COMPONENT  TREF  FORMULA  DENSITY  NEAT  FORM  WT.  0/0 

_ DEC  K _ 6M/tC _ IKCBL/JflRhiWT.I _ 

128  0«F2  I.SS  tS.S  TO. 

298  N2*HI|  I. OCR  _  *12. OS  SO. 

BULK  density  •  I.S22  GH/CC 

MIXTURE  RATIO  •  2.3SS  LB  OXIDUEK  /  LB  OF  FUEL 


PRESSURE  PROFILE  DATA 
CHAMBER  entropy'  292.28  EU/)OOCMS 


CHAMBER 


THROAT 


FR02FN  EXPANSION 


PRESSURE* 

PSIA 

300.0 

i3N.r 

60. k9 

27.16 

Ik. 70 

12*20 

5.877 

2.660 

1.106 

.696 

.223 

.100 

163.6 

TEP«P«  DEG 

K 

3987.9 

3313.0 

27k2.6 

2260.7 

19k2.3 

18S3.8 

1510.8 

1222.6 

982.8 

786.8 

623.8 

693.9 

3468.6 

ENTHALPY  { 

I-l 

-15.62 

13.  19 

S7.2S 

i7.13 

69.96 

73*88 

86.68 

97.70 

106.68 

113.67 

119.08 

123.69 

6.68 

CP 

.8333 

.N2Sr 

.k172 

.k072 

.3987 

.3956 

.3832 

.3701 

.3888 

.3800 

.3661 

.5607 

.6277 

INPUL  OPT 

isa.as 

Pl».86 

2S1.P0 

.ZU*JA_ 

-298.88 

_S1k,2k_ 

526.16 

338.56 

362.83 

368.12 

159.89 

IPPUL  VAC 

7k9.  Ik 

270.12 

290.76 

303.98 

307.81 

320.73 

331.09 

'339.18 

■■365.’69' 

380'.  61 

586.26 

267.16 

EPSILON 

1.021. 

1*392 

2.179 

3.192 

3.897 

6,089 

lO.kSS 

17.996 

31.118 

83.916 

93.598 

1.000 

SHIFT  INU  EIPANSI.ON 

PRESSURE* 

PSU 

300.0 

13k.  7 

60. k9 

27.16 

Ik. 70 

12.20 

8.677 

2.660 

1.106 

.696 

.223 

■  .100 

171.6 

TEPHf  OEG 

K 

3987. 9 

36  6  3.0 

3369.2 

3096.2  289k. 9 

283k.3 

2870.2 

2287.6 

1979.1 

1668.0 

1386.6 

1 138.0 

3788. 0 

ENTHALPY  1 

[-) 

-)$.62 

Ik. 26 

N1.31 

68.63 

82.63 

87.82 

107.16 

126.61 

159.83 

182.78 

165.60 

1 f 2;56 

■■  5‘.S'3' 

X  BAR 

s.ooe 

k.eeo 

N.780 

k.683 

k.618 

k.600 

8*538 

6.691 

6.671 

6.666 

6.668 

6.668 

6.923 

N 

s.ooe 

k.889 

4«7fl0 

k.683 

k.618 

k.600 

8.538 

k.k91 

6.671 

6.666 

6.668 

6.668 

6.923 

CP 

I.599I 

1.8168 

1.8001 

1.2378 

1.0831 

J.0121 

*8006 

.8893 

.6833 

.3981 

.5707 

.3883 

1.8688 

IPPUL  OPT 

161.82 

222.92 

266.19 

292.68 

299.83 

327.0B 

369.81 

367.97 

382.97 

395.07 

606.79 

156.29 

IPPUL  VAC 

2S7.S0 

285.38 

313.28  332.18 

337-62 

357.89 

376.92 

388.78 

399.79 

608.60 

618.66 

283.68 

EPSILON 

1.038 

1.509 

2.83k 

3.928 

8.505 

8.221 

18.102 

27.816 

■69.8'6r 

88.779 

I86.6'i6 

■'iioob 

COMPOSITION  SHIFTING  IMOL/l'OO  CM) 


18.86 

-6N.50 

-26.10 

56.60 
-15.70 

32.60 
•  00 

52.10 

79.20 

F 

F«H 

F*H«0 

.1322 

2.6606 

•oooo 

•  0815 
2.5111 

•  0000 

.0677 
2.5669 
•  OOOO 

.0261 

2.8666 

.0000 

.0188 

2.8771 

.0000 

•0130 

2.5796 

•0000 

•  0055 
2.5671 

•  OOOO 

•  0017 
2*5909 

•  OOOO 

•  0005 
2.5923 

•  OOOO 

•  OOOO 
2.5926 
.0000 

.OOOO 

2.8926 

.0000 

.0000  .0968 

2.8926  2.6977 
.0000  .0000 

f»n“  ■ 
F«N«e 

F*0 

F2 

H 

H»N 

.oObo 

.0000 

.0000 

.0000 

.2890 

.0002 

•oooo 

•oooo 

•  oooo 
.0000 

•  2116 
•  0001 

•  oooo 

•  OOOO 

•  oooo 

•  OOOO 

•  1650 

•  OOOO 

•oobo 

•OOOO 
•  0000 
.0000 
.0699 
•  OOOO 

.0000 

.0000 

.0000 

.0000 

.0862 

.0000 

.0000 
•oooo 
•oooo 
.0000 
•  067S 
.0000 

.6666 

•oooo 

•oooo 

.0000 

.0189 

.0000 

•OOOO  ' 

•oooo 

•oooo 

.0000 

•  0065 

•  OOOO 

'.666b 

•  oooo 

•  OOOO 

•  OOOO 
.0005' 
.0000 

•ooocT  * 
.0000 
•oooo 
.0000 
.0000 
.0000 

'  .o'ooo 
.oooo 
.0000 
.0000 
.0000 
.0000 

•oooo 
.0000 
.0000 
•oooo 
•oooo 
•  oooo 

•oooo 

.0000 

•oooo 

•oooo 

.2339 
•  0001 

-10.00 

H«N*0 

■'  .0030 

•  0023 

.0017 

•0012 

•0009 

•  0006 

•  0005 

•  0005 

.0001 

.0000 

.0000 

•oooo 

.0028 

9.33 

H«0 

.2736 

•  2679 

.2181 

•  1759 

•  1625 

•  1318 

.0855 

•  0631 

.0163 

.0028 

.0003 

.0000 

.2866 

.00 

H2 

.1611 

.1197 

.0970 

•  0726 

.0539 

•  0663 

•  0256 

•  0096 

.0018 

.0002 

.oooo 

•oooo 

.1263 

60.30 

H2«N 

.0000 

•  OOOO 

.0000 

•  OOOO 

•oooo 

•  OOOO 

•  OOOO 

•  OOOO 

.0000 

.0000 

.0000 

•  oooo 

.0000 

-57.80 

H2*0 

.2180 

•  2661 

.3219 

•  3826 

•6300 

•  6661 

•  5003 

•  5656 

.8668 

.8763 

.8787 

.5759 

.2806 

-11.06 

H3«N 

.0000 

•  OOOO 

.0000 

•OOOO 

•COOO 

•OOOO 

•  OOOO 

•  OOOO 

.0000 

.0000 

.0000 

•  oooo 

.0000 

113.00 

N 

'.0008 

■  '.0003 

.0001 

•  OOOO 

.0000 

.0000 

•  OOOO 

"TSooo 
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PRESSUKC  PHOFILE  DATA 

SYSTEM  LICUIO  SIP«aPEl.L*NT  PC  1000.  PSI A 


COMPONENT 

TREF  FORMULA 

DENSITY 

heat  FORM 

NT 

066  K 

6M/CC 

(KCAL/FORN.WT. 

1 

LOX 

90.2  02 

1.&4 

-).00 

60. 

LH2 

20o4  H2 

0.071 

-1.007 

32. 

BULK  DENSITY  •  .IM  CM/CC 

PIKTUKE  RATIO  •  2. US  Lt  OXlOItER  /  LB  OF  FUEL 


PRESSURE  profile  DATA 
CHAMBER  ENTROPY  ATI. OS  EU/IOOCMS 


CHAPOER 

THROAT 

FR02EN 

EXPANSION 

PRESSURE!  PSIA 

1000 

SSO.I 

ISB.S 

63.10 

2S.12 

16.70 

10.00 

3.901 

i.sos 

.631 

.2S1 

.100 

949.1 

TEMP,  OEG  R 

1919.3 

1S6S.0 

1262.6 

1007.3 

796.3 

692.1 

62S.1 

400.3 

3B0.S 

29S.3 

225. S 

166.2 

1679.6 

enthalpy  (-) 

36.S0 

06.97 

127.93 

160.79 

106.89 

199.66 

207.4S 

223.99 

236.09 

26S.80 

253.02 

260.49 

70.91 

CP 

U9574 

1.S90I 

1.3173 

1.2S97 

1.2161 

1.1969 

1*1066 

1.1697 

1.1SS6 

1.1627 

1.1313 

1.1211 

1.4124 

IMPUL  OPT 

209. SS 

212.06 

320.06 

361.71 

376.S3 

309.66 

403.40 

616.71 

626.00 

636.02 

441*44 

173.03 

IMPUL  VAC 

S12.06 

363.66 

370.07 

391.92 

601. 7S 

407.09 

420.02 

629.26 

636.30 

661.93 

446*61 

306.24 

EPSILON 

l.OS] 

1.SS6 

2.726 

6.922 

7.026 

9.102 

17.079 

32.3S2 

61.S77 

115.926 

211*473 

1.000 

SHIFTING  EXPANSION 


PRESSURE!  PSIA 

1000 

390.1 

150.5 

63.10 

25.12 

16.70 

10.00 

3.901 

1.50S 

.631 

.251 

•  100 

565.5 

TEMP,  OEG  R 

1919.3 

1565.5 

1262.9 

1007.7 

796.7 

692.6 

625.3 

600.6 

300.7 

295.6 

225.6 

166.9 

1600.6 

ENTHALPY  (-1 

36.50 

06.90 

127.9S 

160.02 

106.93 

199.51 

207.50 

223.61 

236.15 

265.95 

253.09 

260.96 

70.07 

X  BAR 

15.076 

15.073 

15.073 

15.073 

15.B73 

15.073 

15.073 

15.073 

15v073 

15.073 

15.073 

19.679 

15.073 

N 

15.076 

15.073 

15.073 

15.073 

15.073 

15.073 

15.073 

15.073 

15.073 

15.073 

15.073 

19.679 

15.073 

CP 

1.6630 

1.3907 

1.3176 

1.2590 

1.2163 

1.1972 

1.1065 

1.1696 

1.1553 

1.1632 

1.1310 

1.1212 

1.6161 

IMPUL  OPT 

209.57 

202.07 

320.80 

361.76 

376. SO 

305.70 

603.66 

616.77 

626.07 

636.09 

441.91 

172.92 

IMPUL  VAC 

312.00 

363.51 

370.92 

391.90 

601.01 

607.95 

620.00 

629.30 

636.37 

662.00 

446.68 

306.27 

EPSILON 

1.053 

1.506 

2.726 

6.921 

7.023 

9.100 

17.073 

32.360 

61.572 

115.921 

211.466 

1.000 

COMPOSITION  SHIFTING  INOL/lOO  CM) 

92.10  H 

.0015 

.0001 

.0000 

•  0000 

.0000 

.0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

•  0000 

.0003 

9.33  H*a 

.0000 

.0000 

.oeoo 

•  0000 

•0000 

.0000 

•  0000 

•  0000 

.0000 

.0000 

.0000 

•  0000 

.0000 

•  00  H2 

11.622311.6230 

11.6230 

11.623011.6230 

11.6230 

11.6290 

U.6290 

11.6230 

11.6230 

11.6230 

11.623011.6229 

-97.00  H2«0 

6.2500 

6.2500 

6.2500 

4,2900 

6.2500 

6. 2500 

4.2900 

4.2900 

6.2500 

6.2500 

6.2500 

4.2900 

4.2900 

99.96  0 

.0000 

.0000 

.0000 

•  0000 

.0000 

.0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

•  0000 

•  0000 

.00  02 

.0000 

.0000 

.0000 

•  0000 

.0000 

.0000 

•  0000 

•  0000 

.0000 

.0000 

.0000 

•  0000 

.0000 

224- 


« 


tVSTIH  LICUIO  IlMO^fLUnr 
COMPOKCNT  rUF  FSUKUiA 
OiC  K 


H  l«OD.  #SiA 

OCNSITV  Hl*f  FMM 
CH/CC  IKCAk/FaaN.Hr. 


ueoo 

2.000 

1.000 

*.000 

9.000 

6.000 

T.OOO 

1.000 

9.000 

10.000 

11.000 

u.ooo 

11.000 

16.000 

19.000 

16.000 

17.000 

16.000 

16.000 

20.000 

21.000 

22.000 

21.000 

26.000 

29.000 

26.000 

27.000 

26.000 

26.000 

iO.OOO 

11.000 

12.000 

il.OOO 

16.000 

19.000 

16.000 

J7.000 

16.000 

16.000 

60.000 

61.000 

62.000 

61.000 

66.000 

69.000 

66.000 

67.000 

66.000 

66.000 

90.000 

7.026 


l>C/F 

l.OCO 

1.119 

10.192 

16.669 

26.719 

60.6C} 

91.611 

67.711 

62.729 

66.161 

119.266 

111.171 
191.771 
170. 6C6 
160. 6C0 
210. IC6 
226.601 
266,701 
272.260 
269.726 
116.720 
366.166 
166.010 

196.171 
616.922 
669. 0C6 
670.990 
666.09} 
921.976 
966.961 
972.211 
997.106 
622.210 
690.110 
660.060 
710. 6C6 
761.169 
7  72.162 
601. 8«6 
•  19.677 
667.766 
600.177 
612.791 
669.610 
696.609 

1011.790 
1069.016 
1066.167 
11  11.611 
1169.126 
1166.661 
66.066 


LOa 

60 

2  02 

i.u  -i.oa 

66. 

LM2 

20 

*  M2 

0*071 

•l.iOT 

>2. 

F60I9N  C06M9l«l| 

e 

9166  • 

TI6I.0  ff/tec 

•  6916 

rcMF 

tNT»>6i6V 

CO  C*l/  1  OOf 

0ILV6C 

0ikV6C 

i  IE6 

1  *1 

1  67 

1  W6C 

CF  966 

CF  VAC 

Ofc  a  KC6t./ioooa 

CM  016 

/o 

iVL 

10000 

90000 

IVC 

ICOO.COO 

1616.) 

•)6.90 

1.497 

9*9, 06* 

1676.6 

-70.61 

1.412 

179.0 

1».2 

.2*4 

)02.* 

lOl.T 

>09.0 

106.2 

U216 

1.291 

66.601 

11)1.1 

•1*4.16 

1.266 

)0*.6 

*6.6 

.916 

>40.2 

>91.9 

>99. 6 

m.6 

1.426 

1.4*0 

»).9I6 

666.0 

-169.60 

1.291 

)>9.2 

>0.6 

.760 

>61.6 

>67.2 

>71.9 

>76.6 

1.466 

1.914 

3). 69) 

•6*.0 

-179.6) 

1.210 

>91.7 

>9.6 

.666 

>70.7 

>79.1 

>•>.6 

>•9.4 

1.917 

1.977 

26.906 

761.6 

-167. *6 

1.219 

162.* 

>0.0 

1.221 

)7*,4 

>76.1 

160,  > 

>62.4 

1.9)2 

1.404 

16.)*2 

7)*.* 

•16*. 1* 

1.209 

>70.1 

27.) 

1.471 

>76.0 

>62.9 

>69.1 

>61.6 

l.9>6 

1.627 

14.166 

66>.0 

-I66.)9 

1.167 

>76.4 

29.) 

1.711 

>76.9 

>6*.l 

>66,7 

401.7 

1.941 

1.644 

12.066 

697.6 

-20). 96 

1.161 

>61. > 

2>.7 

1.696 

>•*.• 

401.6 

604.6 

1.497 

10.16* 

*27.6 

-207.12 

1.167 

>69.  > 

22.4 

2.200 

401.6 

607.6 

1.4*0 

6.671 

602.* 

-210.1* 

1.16> 

>66.7 

21.) 

2.492 

409.1 

406.6 

1»*77 

7.906 

960.2 

-212.76 

1.161 

>91.6 

20.  > 

2.707 

407.) 

411.6 

l.*6* 

6.966 

960.  T 

-219.06 

1.176 

164.1 

16.9 

2.662 

408.6 

41>.7 

l.*9> 

9.691 

9*).« 

-217.10 

1.176 

166.4 

10.6 

9.21* 

406.7 

419.2 

1*699 

9.292 

927.6 

-216.6) 

1.17* 

>66.4 

10.2 

9.461 

410.7 

416.6 

1.709 

*.760 

911.7 

-220.96 

1.17) 

*00.2 

17.6 

9.701 

4U.f 

417.6 

I.TIO 

*.190 

900.6 

-222.06 

1.171 

*01.6 

17.1 

9.69) 

412.2 

416.6 

1.714 

*.009 

*66.2 

-22>.*9 

1.170 

*09.  > 

16.6 

4.196 

412.6 

416.6 

1.710 

1.671 

*76.* 

-224.72 

1.1*6 

*04.7 

16.2 

4.417 

41).) 

420.6 

1.722 

1.162 

*66.) 

-229.66 

1.167 

*09.6 

19.6 

4.662 

*11.6 

421.7 

1.72* 

).126 

*96.) 

-226.67 

1.166 

*07.1 

19.9 

4.6*7 

*l*.l 

422.6 

1.729 

2.609 

*90.* 

•227.66 

1.1*9 

*06.2 

19.1 

9.210 

*1*.* 

62). ) 

1.712 

2.710 

**2«) 

-226.6) 

1.16* 

*06.2 

)*.• 

9.472 

*14.7 

424.0 

1.719 

2.9)7 

*)*.7 

-226.61 

1.16) 

*10.1 

14.9 

9.7)1 

*14.6 

424.6 

1.710 

2.16* 

*27.9 

-210.69 

1.162 

*11.0 

14.) 

9.666 

*14.0 

429.1 

1.740 

2.2*7 

*20.7 

-221.*) 

1.161 

*11.6 

14.0 

6.2)7 

419.2 

429.6 

1.742 

2.126 

614.6 

-222.17 

1.160 

*12.6 

19.6 

4.46) 

4t9.) 

424.4 

1.749 

2.C16 

606.) 

-2)2.67 

1.196 

*19.9 

19.6 

6.72) 

419.4 

426.6 

1.74T 

1.617 

602.9 

-2)>.9* 

1.196 

*14.0 

19.9 

6.697 

414.9 

427.4 

1.749 

1.626 

)67.l 

-2)4.17 

1.196 

*14.7 

11. 1 

7.166 

414.6 

427.1 

1.791 

1.7*6 

)61.6 

-21*. 76 

1.197 

*19.) 

12.6 

7,406 

419.6 

426.) 

1.792 

l.«7* 

166.6 

-2)9. )9 

1.196 

*19.6 

12.6 

7.624 

426.7 

1.794 

1.607 

162.1 

-219.60 

1.196 

*16.9 

12.6 

7.6)4 

424.1 

1.79* 

1.606 

1.166 

1.269 

1.266 

1.167 

1.192 

I.IU 

1.072 

1.C16 

l.COl 

.666 

.616 

.110 

.166 

.696 

.616 

16.666 


171.2 

166.0 

169.0 

161.1 

197.1 
191.7 
190.  I 
166.6 
161.6 

160.9 

117.6 

116.9 

111.6 

126.6 

126.1 
121.6 
120.6 
662.1 


>2  16.66 
>2  17.62 
>217.66 
-216.1) 
-216.76 
-216.16 
-2  16.96 
-216.67 
-260.  )6 
-260.71 
'261.06 
-261,60 
-261.71 
•  262.09 
•262.16 
•262.66 
-262.66 
•196.66 


1.196 

1.196 

1.19) 

1.19) 

1.192 

1.192 

1.191 

1.191 

1.190 

1.190 

1.146 

t.U6 

1.166 

1.166 

1.U7 

1.1*7 


617. 6 
616.1 
*16.6 
616.0 
616.9 
*16.6 
*20.) 
*20.7 
*21.1 
*21.9 
*21.6 
*22.2 
*22.6 
*22.6 
*2). 2 
*2). 9 
*2). 6 
)76.9 


12.) 

12.1 

12.0 

11.6 

11.7 

11.6 

11.* 


6.  )*0 
6.60* 
6.6*6 

6.1)2 

6.)96 

6.696 

6.621 


11.)  1C. 16) 

11.2  10.6*) 

11.1  10.702 
11.0  10.696 
10.6  11.2)1 
10.6  11. *66 
10.7  11.717 
10.6  11.6*9 
10.9  12.210 
10.*  12>*9) 

29.2  1.71V 


*10.2 
*>0.9 
*10.6 
4)1.2 
6)1.9 
*)1.6 
*12.0 
*>2.1 
*>2.6 
*>2.6 
*>l.l 
*>).) 
*>).) 
*>).! 
*)«.0 
41*. 2 


1.796 
1.760 
1.762 
1.76) 
1.76* 
I.T66 
1.767 
1.766 
1.766 
1.7  70 

1.771 

1.772 
1.77> 
1.77* 
1.779 
1.776 


)T6,9  )6*»t 


iKtftIliC  kl66l«9i06 


C 

9)66  • 

7669.6 

Ft79fC 

I>'9lk69 

»€/«■ 

P  *11* 

r(M6 

fl|l4*k*V 

C*  c**/  1  OF) 

MlVAC  OllVAC 

)  SF6 

1  6) 

1  6) 

1  VAC 

CF  SiA 

CF  VAC 

CIO  a  ACAi/tOOOM 

CM  060 

fP 

LVl 

toooo 

90000 

kVl 

l.OCO 

ICOO.COO 

1616.) 

•)6.90 

t.*6* 

l.OCO 

1.61) 

9*9. *67 

1660.* 

•70.67 

l.*l* 

172.6 

111.4 

.244 

>02.7 

>01.6 

>09.6 

>06.) 

1.291 

1.216 

2.000 

10.199 

66.971 

IM8.6 

-144.22 

1.266 

107.0 

46*6 

.916 

>46,2 

»U9 

>99.6 

>96.6 

1.4  26 

l.*>6 

1.000 

16.660 

91.909 

666.) 

-169.64 

1.292 

l)9.> 

16.6 

.740 

>64.0 

>67.  > 

>7). 6 

>76.9 

1.466 

1.911 

4.000 

26.722 

>1.6*6 

66*.) 

•1 76.67 

1.2)0 

)91.6 

11.6 

1.000 

>70.7 

>79.1 

>•>.7 

>•9.4 

1.916 

1.976 

9.000 

40.611 

24.90) 

761.6 

•167.94 

1.219 

)62.9 

10.0 

1.22) 

>74.9 

>76.1 

>60.4 

>62.9 

l.9>2 

1.609 

4.000 

91.6*2 

16.1)6 

716.7 

•164,16 

1.209 

>70.4 

27.1 

1.472 

>76.1 

362.6 

>69.2 

>67.7 

1.916 

1.62T 

7.000 

67.729 

14.766 

66).) 

-166.40 

1.167 

>76.9 

29.) 

1.711 

>76.6 

>64.2 

)6|.6 

*01.7 

1.9*0 

1.6*1 

6.000 

62.741 

12.066 

697.6 

-201.64 

1.162 

>61. > 

21.7 

1.696 

>64.6 

401.7 

409.0 

1.697 

6.000 

66.4CI 

10.162 

626.1 

-2C7.I7 

1.167 

>69.) 

22.4 

7.201 

403.6 

407.7 

1.666 

10.000 

119.116 

6.672 

602.6 

-210.20 

1.1*9 

106.7 

21.1 

7.49) 

409.6 

410.0 

1.6TT 

1 1.000 

ID. 166 

7.906 

960.4 

•2U. 61 

i.ue 

>61.7 

20.) 

2.706 

407.4 

412.0 

1.669 

12.000 

191.766 

6.966 

940.6 

-219.11 

1.176 

)6«.2 

16.9 

6666) 

406.7 

41). 7 

1.662 

11.000 

1 70.619 

9.690 

94). 6 

•217.  14 

1.176 

>64.9 

16.6 

1.2)9 

409.6 

419.) 

1.666 

14.000 

IX. *11 

9.291 

926.0 

-216.66 

1.17* 

>66.9 

16.2 

>.*62 

410.7 

*16.6 

1.70* 

19. XO 

210.1*1 

4.796 

914.0 

-220.64 

1.172 

400.1 

17.6 

>.702 

411.6 

*17,9 

1.706 

16. XO 

226.617 

4.)46 

901.1 

-222.14 

1.171 

X1.6 

17,1 

>.6>4 

412. > 

419.0 

1.714 

1  7,X0 

2*6.716 

4.004 

466.4 

-221.91 

i.iro 

401.4 

16.6 

4.196 

412.6 

420.0 

1.711 

16. XO 

272. )17 

1.672 

476.6 

•224.76 

1.1*6 

4X.7 

16.2 

4.416 

4)1.4 

420.9 

1.722 

16.000 

269.776 

).)6l 

466.9 

-229.69 

1.16T 

406.0 

19.6 

4.66> 

4l>.6 

421.1 

1.729 

20. XO 

116.77) 

1.127 

496.2 

-227.0) 

1.166 

407.1 

19.9 

4.646 

414.2 

422.6 

1.T26 

21. XO 

3**. 2*1 

2.609 

490.6 

•226.04 

1.169 

406.2 

19.1 

9.212 

414.9 

42>.4 

1.712 

23. XO 

166.091 

2.706 

4*2.9 

-226.66 

1.16* 

406.2 

14.0 

9.474 

*14.7 

424.1 

1.719 

21.000 

39*. 23* 

2.917 

414.6 

-226.67 

1.169 

410.2 

14.9 

9.7» 

414.6 

424.7 

1.717 

24.000 

*19.966 

2.16) 

427.7 

-210,71 

1.162 

411.1 

14.1 

9.666 

419.1 

429.) 

1.740 

29.000 

4*9.076 

2.247 

420.6 

-2)1.46 

1.161 

411.6 

14.0 

6.7  >6 

*)>.> 

429.9 

1.742 

26. XO 

*70.621 

2.129 

414.9 

-2)2.2) 

I.IX 

412.7 

11.6 

6.469 

411.4 

426.* 

1.744 

27.000 

*96.166 

2.CI9 

406.9 

-232.64 

1.196 

4I).4 

11.6 

6.779 

*19.9 

427.0 

1.746 

26.000 

921.696 

1.617 

402.7 

-2)1.60 

1.196 

414.1 

11.1 

6.660 

*19.6 

427,* 

i.r4» 

26. XO 

9*7.0*) 

1.626 

167.2 

•7)4.2* 

1.196 

414.6 

11.1 

7.166 

*1).6 

*27.9 

1.790 

10. XO 

973.399 

1.747 

162.0 

-21*. 6* 

1.197 

419.4 

12.6 

7.410 

*19.7 

426.3 

1.792 

11.000 

997.191 

1.674 

)67.0 

-2)9. *2 

1.196 

416.0 

12.6 

7.676 

426.1 

1.794 

12.000 

632.117 

1.607 

)62.) 

-2 19.67 

1.196 

416.6 

12.6 

7.6>6 

426.2 

1.799 

11.000 

690.316 

1.9)6 

177.1 

-2)6«*6 

1.199 

4i7.1 

12.4 

6.076 

426.6 

1.797 

14.000 

660, 192 

1.470 

)7).) 

-2  17.00 

1.19* 

417.7 

)2.1 

•.>4) 

426.9 

1.796 

19.000 

710.93* 

1.407 

166.2 

-2)7. *6 

l.)9* 

416.2 

12.1 

6.607 

4>0.) 

1.760 

16.000 

7*1. )C6 

1.3*6 

169.1 

-2)7.69 

I.I9> 

416.6 

12.0 

6.671 

4)0.6 

1.761 

17. XO 

772. *67 

1.269 

161.2 

-2)6. *0 

I.19> 

416.1 

11.0 

6.119 

4)0.9 

1.761 

16.000 

•  0.676 

1.3*4 

197.9 

-I98.6> 

1.192 

416.6 

11.7 

6.  >66 

4)1.2 

1.764 

16.000 

•19.811 

1.  166 

19). 6 

-2)6.2* 

1.192 

420.0 

11.6 

6.66> 

411.9 

1.769 

40. XO 

•67.91* 

1.192 

)90«* 

-2)6.6* 

1.191 

420.4 

11.4 

6.979 

4)1. • 

1.766 

41.000 

600.119 

1.111 

1*7.0 

-2*0.0) 

1.191 

420.0 

11.1 

10.167 

4>2.1 

1.767 

42.000 

612.9)7 

1.C72 

14). 6 

-2*0.*) 

1.190 

421.2 

11.2 

10.447 

412.* 

1.766 

41. XO 

669.796 

1.019 

140.6 

-2*0.77 

UIX 

421.6 

11.1 

10.706 

4)2.6 

l.TTO 

44.000 

666.797 

1.001 

197.6 

-2*1.12 

1.1*6 

421.6 

11.0 

10.667 

412.9 

1.771 

49.000 

10)1.60 

.666 

194.6 

-2*1.** 

1.1*6 

422.) 

10.6 

11.216 

411.1 

1.772 

46.X0 

1069.177 

.6)6 

311.7 

-2*1. T6 

1.1*6 

622.6 

10. 0 

11.470 

41).* 

1.771 

47. XO 

1066.9*6 

.610 

m.9 

-2*2.11 

t.)4« 

622.6 

lO.T 

11.721 

413.6 

1.774 

46.000 

11)1.669 

.66) 

326.2 

-2*2. *2 

Ul*« 

42).l 

10.6 

11.666 

41). • 

1.779 

46. XO 

1169. *66 

.696 

121.6 

-2*2.7) 

1.1*7 

621.6 

10.9 

12.219 

414.1 

I.TT9 

90. XO 

1166.0)0 

.6)4 

121.0 

-2*).02 

1.167 

421.6 

10.4 

12.497 

414.) 

1.776 

7.021 

66.0*6 

14.666 

662.4 

-166.91 

1.167 

176.6 

29.2 

1.717 

>76.6 

>•*.2 

>66.6 

401.6 

1.9*0 

1.644 

•U9‘ 


PKCSSUftE  PROfiLC  DATA 

SVSTeP  LtCUlU  BIPAOPELLANT  PC  1000*  PSIA 


COMPONENT 

TREF  FORMULA 

density 

HEAT  FORM 

NT 

OEG  X 

GM/CC 

ikcal/form.mt* 

1 

LOX 

90*2  02 

l.U 

-)*0B 

73 

LH2 

20*4  H2 

O.OTl 

-l*BB7 

27. 

eULK  OCNSITV  •  .229  GM/CC 

PlxruPE  PATIO  >  2*704  LB  OXIOUEP  /  LB  OF  FUEL 


PRESSUBE  PROFILE  DATA 
CHAMBER  entropy  609*47  EU/IOOCMS 


CHAMBER 


PRESSURE*  PSIA 

lOCO 

39B*1 

198.9 

TEMP,  DEC  K 

2304*9 

1906.7 

1563.8 

ENTHALPY  1-} 

32.  30 

B3.B2 

126.27 

CP 

U32U 

1*2669 

1.2C70 

IMPUL  OPT 

211.72 

285,91 

IMPUl  VAC 

316. OS 

169.29 

epsilon 

l.OSS 

1.611 

POESSUNE.  PSl*  . 

1000 

390.1 

150.5 

TEMP)  OEG  K 

230A.S 

1911.6 

1560.0 

ENtHALPT  (-» 

32.30 

03.09 

126.44 

X  BAR 

13.4C0 

13*394 

13*393 

N  ... 

13.AC0 

13.396 

13.191 

CP 

1.3629 

1.2760 

1.2095 

IMPUL  OPT 

211.05 

286.10 

IMPUL  VAC 

316.31 

169.65 

EPSILON 

1.090 

1.814 

92.10  H 

•  0130 

•  0018 

•  OCOl 

9*3i  H*0 

•  0011 

•  0001 

.0000 

.00  H2 

8*0244 

8.B299 

8*8303 

-97. BO  H2»0 

<i.S6l6 

4.9624 

4*9629 

99.96  0 

•ooco 

•  0000 

*0000 

.00  02 

.0000 

•  0000 

•  OCOO 

ER02EN  EXPANSION 


63.10 

29*12 

14*70 

10.00 

3.981 

1269.2 

1018*9 

892*4 

810.0 

638.9 

160.92 

188*90 

202*92 

211*24 

228.94 

1.1440 

1.0914 

1*0697 

1.0903 

1*0203 

334.92 

369*10 

384*82 

394*96 

413.61 

378.47 

401*08 

411*69 

418*34 

431.90 

2.811 

9*137 

7*377 

9.997 

18.139 

SHIFTING  EXPANSION 


63.10 

25.12 

16.70 

10.00 

).98t 

1273.6 

1022.7 

895.9 

813.2 

641.6 

161.19 

189.25 

202.91 

211.66 

229.43 

13.393 

13.393 

13.393 

13.393 

13.393 

13.393 

13.393 

13.393 

13.393 

13*393 

1.1669 

1.0920 

1.0666 

1.0506 

1.0203 

336.86 

369.51 

385.27 

395.02 

414.12 

378.90 

601.56 

612.19 

618.86 

432.06 

2.813 

5.162 

7.385 

9.608 

18.161 

COMPOSITION  SHIFTING  IHOl/lOO  CM) 


•  0000 

•0000 

*0000 

•  0000 

*0000 

•  OOOO 

.0000 

*0000 

*0000 

•  0000 

8.8304  8.8304 

8*8304 

8*8304 

8.8304 

4.9629  4*9629 

4*5629 

4*9625 

4.9629 

.0000 

*0000 

*0000 

*0000 

•  0000 

•  0000 

.0000 

*0000 

*0000 

•  0000 

THROAT 


1*989 

•  631 

.251 

•  100 

569.8 

901.3 

391.8 

505.5 

234.5 

2059.5 

242.86 

293.79 

262.25 

269.13 

66.87 

1.0022 

•  9881 

.6767 

•  9671 

1.2870 

427.99 

438*93 

667.27 

453.92 

175.62 

441*96 

449.27 

655.18 

499.90 

509.66 

34*949 

66*134 

127.015 

241.480 

1.000 

1*989 

•  631 

.251 

•  100 

551.2 

903*4 

393*9 

506.7 

235.7 

2066.7 

243.40 

294.33 

262.87 

269.77 

66.75 

13*393 

13*393 

15.595 

13*393 

15.595 

13*393 

13*393 

15.595 

13.393 

15.595 

1.0022 

•  9876 

.9759 

•  9673 

1.5027 

428*94 

439.91 

667.87 

494.52 

173.15 

442.19 

449.87 

655.80 

460.53 

509.90 

34*992 

66*229 

127.219 

241*984 

1.000 

•  0000 

*0000 

.0000 

•  0000 

.0059 

.0000 

•  0000 

.0000 

.0000 

.0002 

8.8304 

8.8304 

8.8506 

8*8304 

8.8285 

4.9629 

4*9629 

6.5625 

4.5625 

6.5625 

.0000 

*0000 

.0000 

*0000 

.0000 

.0000 

•  0000 

.0000 

*0000 

.0000 

226- 


SVtTfM  ll«UiO  ftlMSMCtANt  H  1000.  »SI« 

CONOOtkEN?  fOEf  rOOMUiA  OfUtSIfV  NEAf  EOON  Hf.  9i9 

OCC  R  CN/CC  IXCAt/FOItN.Hr.) 

lOI  00.2  02  1.1«  -1.00  T>. 

IH2  20. A  H2  0.071  -1.M07  27. 

FOaifN  EIOAMSION 


C 

1744  • 

2471.6  F7/5EC 

EFSIION 

PC/9 

P  ASIA 

tlN6  INfHALAV 

CP  C9Lf  1  OFf 

MiVAC  0Ek54C 

1  SEA 

1  AT 

1  AT 

1  VAC 

CF  SEA 

CF  VAC 

OIS  K  KC6L71000H 

ON  DEC 

/F 

LVL 

10000 

50000 

LVL 

l.OCO 

1000. COO 

2104. «  -12.10 

1.321 

l.ooo 

1.615 

549.174 

2039.5  -44.67 

1.247 

173.6 

114.2 

.244 

104.0 

107.1 

109.2 

309.7 

1.215 

1.250 

2.000 

5.615 

101.123 

1434.3  -144.79 

1.141 

109.6 

.521 

154. » 

154.4 

141.2 

142.1 

1.410 

1.4AI 

2.000 

17.665 

54.545 

4219.4  -144.34 

I.134 

319.0 

62.) 

.744 

170.1 

171.4 

310.0 

111.3 

1.494 

1.5)9 

4.000 

26.011 

35.472 

1115.4  -116.24 

1.112 

154.6 

1.016 

177.7 

142.2 

390.9 

192.4 

1.524 

1.504 

s.ooo 

16.4C6 

24.034 

1021.9  -167.60 

1.096 

147.4 

1.266 

141.4 

147.4 

394.1 

400.2 

1.541 

1.615 

0.000 

50.140 

19.145 

542.4  -154.99 

1.040 

174.2 

29.4 

1.692 

143.4 

>40.5 

601.1 

405.9 

1.549 

1.6)6 

7.000 

61.IC1 

15,647 

909.6  -200.47 

1.049 

142.7 

27.5 

1.734 

164.7 

>42.6 

607.) 

610.3 

1.552 

1.655 

0.000 

76.711 

13.032 

•44.2  -205.11 

1.041 

141.0 

1.945 

141.6 

610.4 

613.1 

1.670 

0.000 

51.165 

10.549 

•29.4  '209,20 

1.054 

392.1 

2.211 

191.4 

411.0 

614.4 

1.662 

10.000 

1C6.11S 

9.404 

797.6  -212.52 

1.064 

194.0 

2.641 

415.1 

614.3 

1.692 

11.000 

122.564 

4. 155 

770.1  -215.62 

1.063 

199.1 

2.719 

414.4 

621.5 

1.701 

12.000 

1  15.525 

7.147 

745.4  -217.97 

1.034 

601.9 

2.996 

614.) 

623.6 

1.706 

11.000 

157,051 

4,  367 

723.7  -220.26 

1.035 

606.6 

20.7 

3.255 

619.5 

625.1 

1.715 

14.000 

174.551 

5.714 

706.0  -222.27 

1.011 

604.5 

1.509 

620.4 

624.4 

1.721 

15.000 

151.212 

5.175 

464.0  -224.12 

1.024 

604.5 

1.754 

621.4 

621.0 

1.T2T 

14.000 

211.616 

4.725 

449.7  -225.60 

1.025 

610.3 

14.9 

6.001 

422.6 

624.2 

1.7)2 

17.000 

210.120 

4.344 

654.4  -227.33 

1.023 

611.5 

14.4 

6.2)4 

621.1 

630.1 

1.7)6 

10.000 

246.615 

4,022 

440.4  -224.75 

1.021 

613.6 

la.o 

6.646 

421.4 

631.6 

1.741 

10.000 

265.445 

3.711 

427.9  -230.04 

1.019 

616.4 

6.725 

624.) 

632.3 

1.745 

20.000 

251,175 

1.434 

415.9  -231.26 

1.017 

614.1 

6.993 

424.7 

613.2 

1.746 

21.000 

111.156 

1.191 

606.7  -212.42 

1.015 

617.1 

5.241 

425.1 

636.0 

1.751 

22,000 

116.041 

2.574 

556.1  -2)3.69 

1.016 

614.6 

5.524 

425.4 

636.4 

1.755 

21.000 

155.041 

2.765 

566.6  -216.69 

1.013 

615.6 

5.796 

625.7 

615.5 

1.756 

24.000 

162.  124 

2.414 

575.4  -235.63 

1.011 

620.6 

4.057 

624.9 

6)4.2 

1.760 

25.000 

4C5.625 

2.«4« 

564.1  -2  34.34 

i.oto 

671.3 

4.314 

624.1 

614.9 

1.761 

26.000 

425.476 

2.126 

514.0  -231.45 

4.009 

622.2 

4.576 

624.3 

6)7.5 

1.765 

2  7.000 

451.224 

2.206 

550.4  -217.95 

1.004 

673.0 

4.427 

624.4 

614.0 

1.766 

EO.OOO 

417. 0C6 

2.094 

562.7  -2)6.70 

1.007 

621.4 

7.076 

624.5 

634.4 

1.7  70 

25.0U0 

SCO. 711 

l.'<97 

535.5  -235.62 

4.004 

626.5 

7.117 

624.4 

639.1 

1.772 

10.000 

524. 5C7 

1.507 

526.7  -260.11 

4.005 

625.2 

7.556 

624.7 

619.4 

1.774 

11.000 

546.147 

1.624 

522.2  -260.76 

1.005 

625.4 

7.745 

624.4 

660.1 

1.776 

12.000 

571. 676 

1.  749 

514.0  -261.34 

4.006 

624.5 

16.0 

4.011 

624.4 

660.5 

1.776 

Jl.OOO 

555.075 

1.460 

510.0  -261, 5a 

t.003 

627.1 

6.2)1 

660.4 

1.776 

14.000 

616.114 

1.417 

506.  1  -262.55 

4.003 

627.1 

8.664 

661.3 

I.T61 

15.000 

641.425 

1.554 

656.4  -263.10 

1.002 

624.2 

4.442 

661.7 

1.762 

16.000 

671.115 

1.490 

651.5  -261.43 

1.001 

624.4 

1 1.3 

4.966 

642.1 

1.764 

17.000 

655.226 

1.410 

666.6  -266.46 

l.ooo 

626.1 

9.215 

662.5 

1.765 

16.000 

727.474 

1.174 

661.5  -266.43 

l.ooo 

626.4 

9.642 

642.4 

1.767 

15.000 

754.457 

1.122 

674.4  -265.14 

.559 

630.1 

9.750 

44  1.2 

1.766 

40.000 

765.545 

1.271 

676.2  -261.54 

.599 

630.7 

10.017 

441.5 

1.760 

41.000 

614.527 

1.227 

665.4  -266.01 

.594 

611.2 

10.246 

441.4 

1.741 

42.000 

644. 5«6 

1.184 

661.5  -266.63 

.594 

611.4 

10.551 

444.1 

1.742 

41.000 

674.446 

1.144 

661.6  -266.66 

.597 

632.0 

10.416 

444.4 

1.793 

44  OOO 

5C4.517 

1.106 

657,6  -267.26 

.597 

612.6 

11.011 

444.7 

1.744 

45.000 

514.615 

1.C70 

611.5  -767.63 

.556 

632.4 

11.365 

445.0 

1.745 

44.000 

565. 2«  7 

UCl6 

665.7  -766.04 

.556 

613.2 

12.0 

11.407 

445.2 

1,747 

4  7.000 

555.656 

t.C06 

666.1  -266.37 

.555 

633.4 

11.647 

445.5 

1*746 

46.000 

1026.572 

.574 

662.5  -266.72 

.555 

633.6 

11,6 

12.126 

445.7 

1.744 

45.000 

1057.165 

.544 

635.1  -265.07 

.556 

636,3 

I2.)4) 

446.0 

1.600 

50.000 

1066.276 

.519 

635.7  -765.60 

.556 

636.4 

12.6)7 

646.2 

1.001 

7.177 

66.046 

14.656 

652.6  -2C2.52 

1.044 

346.4 

24.9 

1.626 

366.4 

392.9 

604.4 

611.7 

1.55) 

1.661 

smiftinc  («6*'*5iei» 

C 

5144  • 

7942.7 

»t/5(C 

I65K0N 

PC/P 

P  6516 

7494  CHt6644v 

CP  C4i7  1  OFT 

Olk«4< 

:  0UV4C 

1  SI4 

1  *3 

I  AT 

1  VAC 

CF  SEA 

CF  VAC 

0(0  6  RC6i/|00C9 

06  0(0 

/p 

IVl 

10000 

50000 

LVL 

l.OCO 

uoo.coo 

2)06.  5  -  32.  30 

l.)4l 

1.000 

1.614 

551.240 

7066.7  -66.75 

1.101 

173.1 

134.4 

.266 

>04.1 

107.3 

309.5 

309.9 

1.249 

1.234 

2.000 

5.674 

101. ’76 

46)5.5  -1*1.55 

1.142 

306.7 

52.4 

.522 

156.4 

157.1 

341.4 

162.5 

1.430 

1*461 

1.000 

17.661 

54.421 

1261.5  -166.55 

1.134 

336.3 

62.6 

.764 

170.  7 

136.0 

160.6 

>41.7 

1.494 

1.536 

4.000 

27.556 

15.745 

1120.0  -476.51 

1.112 

156.4 

16.) 

1.015 

134.1 

>42.4 

191,3 

>91.0 

1.524 

1.514 

5.000 

16.156 

24.070 

1011.1  -186.11 

1.056 

344.2 

32.5 

1.264 

162.6 

>47.9 

396.5 

600.7 

1.541 

1.615 

6.000 

50.267 

15,654 

566.7  -115.3) 

1.041 

374.4 

29.7 

1.696 

>•6.6 

391.0 

603.1 

606.  3 

1.549 

1.636 

7.000 

41.0C6 

15.671 

511.7  -2C4.02 

1.070 

343.1 

27.4 

1.760 

>65.2 

392,9 

607.6 

610.7 

1.552 

1.655 

6.000 

74.411 

U.C51 

670.0  -2C5.67 

1.041 

344.6 

25.9 

1.967 

393.9 

610.9 

614.3 

1.670 

5.000 

11.022 

10.566 

611.1  -2C5.54 

1.056 

352,7 

26.4 

2.235 

396.1 

613.5 

417.3 

1.66? 

10.000 

1C4.115 

5.422 

601.1  -232.52 

1.064 

356.6 

23.6 

2.666 

615.4 

419.4 

1.642 

11.000 

122.156 

6.171 

771,5  -215.62 

1.063 

355.4 

22.6 

2.762 

617.) 

422.0 

1.701 

12.000 

115.267 

7.175 

766.5  -218.16 

1.035 

602.6 

21.5 

3.001 

614.4 

423.9 

1.704 

11.000 

154.76? 

6.178 

727,0  -220.66 

1.035 

606.4 

20.4 

3,259 

620.0 

425.6 

1.715 

14.000 

174.456 

5.  724 

707.2  -222.71 

t.Oll 

607.0 

20.1 

3.513 

621.1 

427.1 

1.722 

15.000 

152. 5C1 

5.164 

665.2  -226.56 

1.024 

605.0 

19.5 

3.741 

622.1 

624.5 

1.727 

16.000 

211.275 

4,  711 

672.6  -226.26 

1.025 

610.4 

19.0 

6,004 

622.4 

629,7 

1.712 

1 7,000 

225.715 

4.  151 

657.  7  -227.76 

1.023 

14.5 

6.261 

621.4 

630.9 

1.737 

16.000 

246. 2C6 

4.025 

661.7  -275.21 

1.024 

613.5 

14.0 

6.670 

426.3 

631.9 

1.741 

15.000 

241.540 

1.  746 

610.4  •230.5) 

4.015 

615.3 

17.4 

6,730 

626.4 

432.9 

1.749 

20.000 

250.422 

1.441 

616.6  -2)1.75 

1.017 

614.4 

17.2 

6.996 

625.2 

433.4 

1.746 

2I.0U0 

112.755 

i.  457 

607.4  -2  )2.45 

1.015 

617.4 

14.4 

5.244 

625.4 

434.6 

1.752 

22.000 

115. 4C0 

2.562 

557.0  >231.56 

1.016 

614.5 

14.5 

5.936 

625.9 

435.4 

1.755 

21.000 

156.157 

2.  754 

567.2  -7)6.97 

1.013 

615.5 

14.2 

5,400 

624.2 

436.1 

1.756 

24.0CO 

161.556 

2.621 

577.6  -231.91 

I.OII 

620.5 

15.9 

4,046 

624.6 

436.1 

1.760 

25.000 

4C5.056 

2.445 

169.0  -  2  36  .  60 

I.OlO 

621.4 

15.4 

4.325 

624.4 

437.4 

1.763 

26.000 

421.47} 

2.113 

560.  7  -237.46 

1.009 

622.7 

15.6 

4.542 

624.4 

414.0 

1.765 

27.000 

452.162 

2.244 

552.4  -2)6.66 

1.004 

623.5 

15.1 

4.435 

624.9 

434.6 

1.766 

26.000 

474.111 

2.100 

565.2  -2)5.20 

1.007 

626.3 

16.9 

7.041 

627.1 

439.1 

1.770 

25.000 

455.672 

2.001 

5)6.1  -215.52 

1.004 

625.0 

16.7 

7.324 

627.2 

439.7 

1.772 

10.006 

523.544 

4.540 

511.2  -260.44 

1.004 

625.7 

16.6 

7.543 

627.3 

440.2 

1.774 

11.000 

547.1 71 

1.624 

526.7  -261.24 

1.005 

624.6 

16.2 

7,  195 

627.3 

440.6 

1.776 

12.000 

570.47} 

4.752 

516.5  -261.49 

1.006 

627.0 

16.1 

4,021 

627.6 

441.1 

1.776 

11.000 

554.044 

1.461 

512.9  -262.66 

i.OOl 

627.4 

13.9 

4.262 

441.5 

1.7  74 

14.000 

417.277 

1.420 

504.  7  -261.07 

1.003 

624.2 

13.7 

1,657 

441.9 

1.761 

15.000 

442.111 

1.557 

504.2  -263.42 

1.002 

624.4 

13.5 

4.491 

442.3 

1.763 

16.000 

465.760 

4.45} 

645.9  -266,15 

t.OOl 

425.3 

13.6 

4.957 

442.7 

1.764 

17.000 

457,611 

1.431 

650.4  -266.44 

1.001 

425.4 

13.2 

9.225 

441.0 

1.766 

16.000 

724.155 

1.  177 

665.9  -265.14 

1.000 

430.3 

13.1 

9.692 

441.4 

1.767 

15.000 

754.921 

4.125 

661.1  -265,43 

.999 

610.4 

12.9 

9,  740 

441.7 

1.761 

40.000 

761.553 

1.274 

674.5  -764.09 

.999 

431.3 

12.4 

10.024 

444.1 

1.740 

41.000 

613.2  72 

1.230 

677.1  -264.53 

.994 

431.7 

12.7 

10.295 

444.4 

1.741 

42.000 

142.653 

1.164 

647.4  -264.44 

.994 

632.2 

12.5 

10.542 

444.7 

1.792 

41.000 

672.471 

1.144 

643.4  -267.14 

.997 

612.4 

12.6 

10.424 

445.0 

1.793 

44.000 

9C2.7C4 

1.406 

695.4  -267.74 

.594 

633.0 

12.1 

11.091 

445.1 

1.795 

45.000 

932.511 

4. 072 

655.7  -266.17 

.594 

613.6 

12.2 

11.357 

445.5 

1.796 

46.000 

943.323 

4.016 

651.9  -264.56 

.595 

633.7 

12.1 

11.419 

445.0 

1.797 

47.000 

993.659 

1.004 

664.3  -266.94 

.595 

636.1 

12.0 

11.460 

446.1 

1.796 

46.000 

1024.516 

.574 

666.7  -269.24 

.994 

6)6.5 

11.4 

12.140 

446.1 

1.799 

45.000 

1055.279 

.446 

664.2  -266,41 

.996 

6)6.4 

It. 7 

12.397 

466.6 

1.600 

50.000 

1064.119 

.921 

637.9  -269.96 

.996 

615.1 

11.4 

12.452 

646.0 

1.601 

7.165 

46.044 

44.494 

•99.9  -202.91 

1.044 

145.1 

24.9 

1.432 

165.1 

391.4 

609.1 

412.2 

1.551 

1.661 

•air- 


PIIESSUKE  PRSEUE  DATA 

SYSTEP  LIGUIO  eiPAaPELLANT  PC  1000.  PSIA 


COHPOKENT 

TREF  FORMULA 

OENSITf 

HEAf  FORM 

WT, 

OEG  K 

GM/CC 

(RCAL/FORM.WT* 

\ 

LOX 

90.2  02 

1*14 

>3.00 

oc, 

I.H2 

20.4  H2 

0*071 

-1*087 

to 

BULK  DENSITY  •  .2»f..G*1/CC 

PIXTUPE  PATIO  •  A. 000  LB  CXIDUER  /  LB  OF  FUEL 
PPESSUPE  PPOFILE  DATA 


CPAHBEP  ENTPOPY  SU.BO  EU/IOOCMS 


CHAMBER 

THROAT 

PRESSURE* 

PSIA 

ioco 

398.1 

ISI.9 

63*10 

FROZEN 

28*12 

EXPANSION 

14*70  10*00 

3.981 

1*885 

.631 

.251 

.100 

887.3 

TEMP,  OEG 

K 

2976.0 

2S13.S 

21 IQ.5 

l?89*2 

1483*8 

1296. S 

1188.4 

961.3 

769*9 

611.6 

682.5 

379.2 

2675*0 

E.^TfiALPV  1 

1-1 

26*42 

76.58 

118,83 

184.19 

183*84 

19B.I7 

207*67 

227*30 

243*10 

255.69 

265.68 

273.51 

89^24 

CP 

1*1002 

1.0671 

1*0282 

•  9634 

*9347 

.9053 

*8883 

*8420 

•  8082 

.7828 

.7656 

.7527 

1*0798 

IMPUL  OPT 
(MPUL  VAC 
EPSILON 

20S.89 

312.96 

1.066 

283.88 

347*92 

1*683 

333*40 

379,04 

2*944 

369.72 

403*72 

8*810 

3B6.55 

615.51 

8.022 

397*09 

422*98 

10*836 

418*04 

437,93 

20,333 

434*17 

449*81 

39*384 

666.61 

658.65 

76.382 

656.23 

665.38 

168.208 

663.66 

670.72 

287.922 

168*98 

308*90 

1*000 

SHIFTING  EXPANSION 


PRESSURE* 

PSIA 

lOCO 

39B*1 

156.5 

63*10 

28*12 

16.70 

10.00 

3*981 

1.585 

.631 

.251 

.100 

561.8 

TEMPi  OEG 

K 

2976*0 

2870*7 

2186.8 

1631*9 

1819*8 

1356.6 

1267.2 

1012*7 

813.9 

668.6 

513.0 

603.9 

2720.7 

ENTHALPY  ( 

1-) 

26*42 

77.03 

120.23 

186*68 

167*02 

202.20 

212.08 

232*84 

269.07 

262.30 

272.80 

281.09 

59.00 

X  BAR 

10.0C8 

9*949 

9.927 

9*921 

9.921 

9.921 

9.921 

9*921 

9.921 

9.921 

9.921 

9.921 

9.965 

N 

10*008 

9*949 

9.927 

9*921 

9*921 

9.921 

9.921 

9.921 

9.921 

9.921 

9.921 

9.921 

9.965 

CP 

1*4346 

1*2144 

1.0776 

.9998 

•  9458 

.9155 

.8967 

•  8806 

.8139 

.7855 

.7667 

.7527 

1.2878 

IMPUL  OPT 

209*82 

285.67 

336.89 

373*78 

391.05 

601.69 

423*46 

660.11 

653.00 

662.97 

670.70 

168.35 

IMPUL  VAC 

318*20 

351.31 

363*27 

408*68 

620.80 

628.51 

443*97 

655.97 

665.27 

672.68 

678.06 

307.57 

EPSILON 

1*068 

1.671 

2*988 

8*601 

8.168 

10.760 

20*789 

60.382 

78.507 

152.679 

296.996 

1.000 

COPPOSiriON  SHIFTING  IMOL/lOO  GH I 


82*10 

H 

•  1236 

*0488 

*0109 

•  0016 

*0001 

•  0000 

*0000 

•  0000 

,0000 

,0000 

•  0000 

•  0000 

.0691 

9.33 

H«0 

•  0426 

•  0108 

*0C16 

*0001 

•0000 

*0000 

•  0000 

•  0000 

,0000 

•  0000 

•  0000 

*0000 

.0191 

•  00 

H2 

4««813  4*9034 

4*9160 

6.9199  6.9206 

4*9206 

4*9206 

4*9206 

4,9206 

4,9206 

4*9206 

4*9206  4*6989 

87*80 

H2«0 

A*9862  4*9891 

4*9984 

6.9999  5.0000 

8*0000 

8*0000 

8*0000 

8,0000 

8,0000 

8*0000 

8.0000  4*9806 

89.86 

0 

•  0006 

.0001 

•  ocoo 

•  0000 

•0000 

*0000 

.0000 

,0000 

•  0000 

•  0000 

*0000 

•  0000 

*0002 

*00 

02 

.OOCi 

.0000 

•ocoo 

*0000 

,0000 

*0000 

*0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0001 

9/0 


EPSILON 


l.OOO 

2.000 

>.000 

4.000 

4.000 

6.000 

7.000 

1.000 

6.000 

10.000 

ll.OOO 

ta.ooo 

ti.OOO 

t4.000 

i%.0UO 

16.000 

17.000 

16.000 

16.000 

20.000 

21.000 

22.000 

21.000 

24.000 

24.000 

26.000 

27.000 

26.000 

26.000 

lO.OUO 

il.OOO 

12.000 

*1.000 

j4.eoo 

*5.000 

16.000 

*7.000 

*6.000 

*6.000 

40.000 

41.000 

42.000 

41.000 

44.000 

45.000 

46.000 

47.000 

46.000 

46.000 

50.000 

6.022 


6C/f  6  ^516 

I .OCO  ICOO.COO 

1.764  557.266 

6.267  107.676 

16.141  61.166 

25.666  11.656 

15.112  26.461 

45.1C4  22.171 

56.261  1  7.  774 

67.766  14.752 

60.161  12.471 

6).OC7  10.752 

IC6.156  6.166 

120.617  6.261 

1*5.461  7.166 

150.5*5  6.641 

166.042  6.C2* 

161,755  5.501 

167.711  5.054 

211.724  4.676 

226.776  4.  152 

245.616  4.C66 

261.162  1.767 

261.666  i.S47 

JCO.642  1.12* 

*20.247  J.121 

**4.637  2.54* 

156.6  70  2.760 

176.7C2  2.614 

*5<4.651  2.501 

420. 2C2  2.160 

440.554  2.270 

461.011  2.165 

461.411  2. 077 

5CI.431  1.442 

522.142  1.414 

547.656  1.641 

562.676  1.776 

511.176  1.71) 

601.265  ’  1.656 

621.246  1.604 

645.417  1.544 

666.121  1.464 

651.1(0  1.441 

717.1*1  1.164 

741.6(6  l.l46 

766.510  1.105 

751.426  1.264 

616.541  1.725 

641.6*6  l.Ul 

667.107  1.15) 

652.631  1.120 

66.046  14.146 


5VSTCI*  lUUlO 
C0M607«EN7  THer  6e6HbLA 

ore  6 

lai  60.2  62 

kH2  20»6  m2 


9C  1000.  6516 

OfAilfV  ME6I  606M 

GM/CC  UClL/fOAN.kT. 

1.16  >1.06 

0*071  *1.667 

FKOiiN  EK96*I$|9I| 

C  5766  •  7605.4  Ff/5EC 
TEMP  CMT1-6LPV  CP  C6t/  t  OPT  0Et.V6C  £EtV6C  I  SE6  I  67 


OEG  K  6C6L/tOOGM  OH  OtG 


2676. 
2675. 
1671.  1 
1746.0 
1601.6 
1447.0 
1416.0 

1150.4 

1265.6 

1246.6 
1206.2 
1 1  72 . 1 
1140. i 
niu5 

1065.4 

1061.5 

1016.6 
1016.) 

1000.5 
662.6 

666.5 
651  .  I 

616.6 
622.6 
610.0 

667.7 
•  46.0 
6  74,6 

164.1 

154.1 

644.4 

115.1 

626.2 

617.7 

606.4 

601.5 
741. • 

766.5 
776.  1 

772.4 

765.6 
716.  1 
7'i).l 
747.0 

741.1 
7)5.4 

726.6 

724.5 

716.2 

714.1 

706.1 

1264.5 


•26.42 
•56.24 
-1)2.  16 
-155.16 
-166.50 
-176.46 
-167.04 
•165.06 
-146.07 
-2C2.26 
-2C5.62 
-206.10 
-211.61 
-214.45 
-216. 70 
-216.76 
-220.64 
-222.56 
-225.66 
-225.47 
-226.64 
-226. 16 
-226. 57 
-2)0.52 
-2)1.60 
-2*2.61 
-2)5.60 
•2)4.52 
-2*5.  16 
-2*4.25 
-217.01 
-2*7.76 
-2)6.52 
-216.22 
-2  16.64 
-240.51 
-241.16 
-241. 75 
-242.5* 
-242.66 
-245.4) 
•241.65 
•244.45 
•244.64 
-245.41 
'245.67 
•246. 12 
-746. 75 
•247,17 
-247.56 
-247.66 
-166.17 


1.100 

1.060 

1.015 

.662 

.660 

.642 

.626 

.616 

.606 

.667 

.666 

.662 

.676 

.6/1 

.666 

.661 

.657 

.655 

.646 

.646 

.641 

.640 

.6)6 

.6*5 

.61) 

.1*0 

.626 

.626 

.625 

.62* 

.621 

.616 

.616 

.616 

.615 

.614 


.610 
.606 
.606 
.606 
.605 
.604 
.60) 
.602 
.602 
.601 
.600 
.766 
.  766 
.605 


166.0 

504.4 
554.7 

552.6 
)64.6 

575.6 

560.6 

564.4 

*91.2 

*95.2 

*66.7 

401.7 

404.4 

406.6 

406.1 

411.1 

412.6 

414.6 

416.1 

417.6 

416.6 

420.2 

421.4 

422.5 

425.4 

424.6 

425.5 

426.4 

427.2 
426.0 

426.6 
426.6 
4)0.* 
«S0.6 
4)1.4 
4)2.2 
4)2.6 
4)). 4 
4)4.0 

454.5 
4*5.0 
4)5.5 
4)4.0 
4)6.5 
4)6.6 
4)7.4 
4)7.6 
4)6.2 
4)6.6 
4)6.0 
)64.5 


/P 

.240 
.514 
,756 
1.005 
1.244 
1.470 
1.725 
1.666 
2.214 
2.456 
2.706 
2.661 
).217 
).47) 
>.726 
).676 
4.221 

4.460 

4.664 
4.621 
5.171 
5.4)5 
5.700 

5.664 

6.22b 

6.460 
6.751 
7.006 
7.264 
7.516 
7.764 
6.0''6 
6.24B 

а.  464 
■  .715 

б. 642 
6.164 
6.)62 
6.566 
6.656 

1C. 10) 
15.0  10.165 

14.6  tC.626 

14.7  1C. >6) 

14.4  11.15/ 
14.4  11.421 
14.)  11.665 
14.2  11.646 
14.1  12.211 
14.0  12.472 
26.0  1.671 


156.6 

55.1 

45.2 

56.2 

55.4 
•2.6 
50.7 
26.0 

27.6 

26.4 

25.4 

24.5 

25.6 

25.1 

22.4 

21.6 
21.) 

20.6 

20.4 

20.0 

16.4 
16.) 
16.6 

16.4 
16.) 
19.0 

17.6 

17.5 
17.) 

17.1 

16.6 

16.6 

16.4 

16.2 
16.1 

15.6 

15.7 
15.6 

15.4 

15.2 

15.1 


IVL 

502.5 
)52.1 
)66. 1 
)77.) 
)62.1 


10000  5COOO 


>01.6 
156.6 
172.) 
)61.7 
>67.6 
>66.9  561.6 

)I6.I  19). 7 

)«6.5  165.2 

)66.0 


505.5 

556.6 

576.6 
*60.6 
566.2 
606.0 
601.5 

412.1 
415,0 

417.4 

416.5 

421.2 

422.7 
424.0 

425.2 

426.2 
627.0 

427.6 

426.6 

426.2 
426.  r 

450.2 
4)0.6 
651.0 
4)1.) 
4)1.5 

411.6 
4  52.0 
4)2.1 
452.) 
4)2.4 
452.5 
4  )2.6 
4)2.7 
4)2.6 
4)2.6 
4)2.6 


*66.5  )65.5  412.2 


I  VAC 


105.6 
>59.7 

176.6 
>62.1 

400.4 

406.6 

411.5 

415.4 
416.  A 

421.6 

624.1 
426.  ) 

426.2 

426.6 

411.5 
4)2.9 
4)4.2 
4)5.5 
4)6.6 
4)7.6 
4)6.6 
4)9.5 
440.  ) 

441.1 
4*1.6 
4*2.6 
44).  > 

44) . 6 
444*5 
445.  1 
445.  7 

446.2 

446.7 

447.2 

447. 7 
*46.  1 

446.5 
4*9.0 
**9.* 
**6.  7 
450.1 
*50.5 

450.6 
*51.2 

451.5 

451.6 
452.  I 
452.4 

452.7 

45) . 0 
*15.5 


CF  5E6  CF  VAC 
IVL 


.210 

1,4*5 

1.502 

1.5)6 

.555 

.566 

.571 

>.575 


1.245 
1.444 
1.546 
1.566 
1.629 
1  .655 
1.675 
1.661 
1.704 
1.716 
1.726 
1.7*5 
1.7*) 
1.750 
1.756 
1.762 
1.767 
I.T72 
1.777 
i.rii 
l.7«5 
1.769 
1.762 

1.765 

1.766 
l.aOl 


1.V20 
I  .622 
1.62* 

1.625 
1.827 

1.626 
1.6)0 
1.6)2 
1.6*1 
1.6)5 
1.1)6 
1.6*6 
1.1*6 
1.6*0 

1.6*1  ’ 

1.64* 

1.691 


EFSILOH 


l.OOO 
2.000 
1.000 
4.000 
5.000 
6.000 
7.000 
6.000 
6.000 
10.000 
11.000 
12.900 
D.OOC 
14.000 
15.000 
16.000 
17.000 
16.000 
16.000 
20.000 
21.000 
22.000 
21.000 
24. QUO 
25.000 
26.000 
27.000 
26.000 
26.000 
*0.000 
11.000 
*2.000 
D.OOO 
*6.000 
15.000 
*6.000 
*7.000 
*9.000 
*6.000 
60.000 
41.000 
42.000 
4).000 
44.000 
45.000 
46.000 
47.000 
49.000 
49.000 
50.000 
9.166 


•C/F 

1.0(0 

1.760 

9.052 

5.6*4 
5.045 
4.  M7 
4.016 
4.a55 
5.121 
I.1C7 
5,577 
1.4<0 
7.2*» 
1 .510 
b.2lO 
1.246 
5.5*0 
2.0C7 
7.562 
5.210 
1.650 
4.6U 
2.6*4 
1.1*1 
9,757 
1.670 
7.67) 
7.2C5 
5.7*6 
5.427 
b.2C2 
5.044 
1.616 
1.8C2 
5.667 
5.464 
5.264 
5.661 
4.512 
4.112 
5.550 
5.040 
1.055 
1.525 
4.6*5 
1.510 
1.525 
6.676 
1.016 
5.5)6 
0.215 
6.046 


P  6)1* 


ICOO.COO 
561. 769 
110.469 
62.402 
56.965 
26.C67 


15.12* 
12.40* 
;  1 .C49 
6.46* 
■  .5  53 
7.(0* 
6.116 
6.202 
5.46* 
5.206 
4.417 
4.  *60 
4.167 
5.62) 
1.645 
*.4*5 
*.220 
).C4) 
2.675 
2.72) 
2.566 
2.460 
2.146 
2.242 
2.146 
2.056 


1.67b 

1.60) 

1.6)4 

1.770 

1.7U 

1.655 

1.604 

1.550 

1.467 

1.447 

l.)66 

1.154 


1.167 

1.162 

16.666 


(E«P  |Kt*6lPT 
CEG  A  tCAl/IOOGM 
2676.0  -26.42 

27/0.7  -56.00 

2042.0  -Ul.lO 
1426.2  ‘156.61 

1676.1  -171.7) 

1571.6  -142. 04 
I4B6.5  -146.94 

1421.2  -194.22 

1)65.0  -20.41 

1)16.6  -2C5.60 

1275.0  -2C6.59 

1216.0  -212.60 
1205.0  -215.6) 

1175.1  -218.46 

U46.i  -220. «) 

U2).7  -222.66 

1101.0  -224.66 

1060.0  -226.77 

1060.5  -226.45 

1042.4  -2)0.01 

10^5.4  -271.46 

1009.*  -2)2.62 

674.4  -2)4.10 

660.1  -275.10 

6  66.7  -  2  76.4) 

65). 6  -2)7,51 

641.6  -III. 52 

6)0,2  -279,46 

919.2  -240.41 

906.6  -241.26 

668.5  -242.12 

666.6  -242.62 

679.6  -245.66 

670.6  -244.45 

662.1  -245.11 

655.6  -245.61 

•45.6  -24A.47 

6)9.1  -247.10 

650.7  -247.70 

125.5  -249.26 

916.5  -249.96 

•09,9  -249.41 
•05.2  -249.94 

766.9  -290.45 

760.7  -250.65 

794.6  -251.45 

779.6  -251.60 
775.5  -252.56 

767.9  -252.90 
762.4  -255.25 

757.2  -255.65 

1556.4  -2C2.20 


5m|F7|)iC  CiPAIIlOM 
C  MiA  •  7675.6  Ft/SfC 
C6(./  I  OPt  OlkvAC  OEkVAC 


CP 

06  C 

1.455 

1.266  166.5 

1.045  505.6 

.666  5)6.6 

.675  *>5,7 

.655  )6B.0 

.940  577.2 

.626  *64.4 

.617  560.2 

.606  *65.0 

.900  166.2 

.66)  402.6 

.667  405.6 

.■•t  406.7 

.674  411.5 

.671  415.5 

.647  415.4 

.645  417.5 

.660  419.2 

.«54  420.6 

.655  422.4 

.650  425.7 

.647  425.1 

.645  424.5 

.642  427.4 

.640  426.5 

.•17  426.6 

,655  450.5 

.655  4)1.5 

.6)1  4)2.4 

.629  4*>.2 

.629  4)4.0 

.924  4)4.6 

.624  455.5 

.925  454.2 

.921  456.9 

.620  457.5 

.619  456.2 

.617  456«6 

.616  459,5 

•814  459.9 

.955  440.4 

.912  441.0 

.911  441.5 

.610  442.0 

.609  442.4 

.606  442.9 

.607  445.4 

•904  445.9 

•905  444,2 

.904  444.6 

.914  591.1 


159.2  .2*6 

57.0  .514 

44.6  .7*4 

40.4  1.01) 

54.6  1.297 

55.6  1.490 

11.7  1.741 

*0.0  !.66* 

24.6  2.257 

27.4  2.4Ht 

24.4  2.72A 

25.5  2.985 

24.7  J.24I 

25.4  ).50) 

25.)  5.757 

22.7  4.010 

22.2  4.256 

21.7  4.50) 

21.2  4.741 

20.6  4.67) 

20.4  5.206 

20.1  >.474 

16.1  5.7*0 

19.4  6.007 

19.1  6.27) 

19.6  6.556 

14.5  6*60) 

19.)  7.044 

19.0  7.5:4 

17.6  7.590 

1  7,4  7.655 

17.5  6.09? 

17.1  6.526 

19.6  9.546 

14.9  6.904 

14.6  6.056 

14.4  6.247 

19.2  6.491 

14. 1  9.711 

15.6  6.926 
15.6  10.171 

15.6  10.456 

15.5  10.702 
15.5  10.946 

15.2  11.254 
15.1  11.500 
15.0  11.74? 

14.9  11.052 

14.7  12.296 

14.9  12.595 

29.7  2.024 


I  SEA 
kVL 

)0),9 

>55.1 

>72.4 

161.2 

>66.1 

)»6.l 

560.5 

)4|.0 


•Uh 


t  A?  {At  I  VAC  CF  5IA  CF  yAC 

loeoe  50000  ul 


505.0 

557.5 
>75,6 

565.6 

561.7 
565.  1 


400.7 

401.1 


>61.6 

562.2 

564.1 

4C2.5 

406.5 
41). I 

416.6 
4l?.6 


422.) 
42*. 5 
426.  ) 
627.6 
426,2 
4)0.4 
451.5 
4)2.4 


4)).) 
4)4.0 
454.7 
415.) 
4)5. 6 
4)6.2 
4)6.6 
4)6.6 


6)7.2 

4)7.5 

457.7 

*)7»6 

4)6.1 

4)6.2 

4)6.) 

4*6.4 

456.5 

4)6,6 

4)6.7 

4)6.6 

4)1.6 


417.5 


50  7.6 
>62.6 
*65.5 
166.0 
*04.6 
*11.0 
*16.1 
*20.2 
*25.6 
*26.6 
*26.1 
**1.4 
*51.4 
*>5.2 
4)6.6 
456.) 
4)6.7 

440.6 
*42.1 
*45.2 
444.2 
445,1 
446.0 

466.6 
46  7.6 


1.50) 
1.559 
1.559 
1.5  70 
1.576 
1.579 


1.54; 

1.561 

1.61J 


1.7) 

I.T* 

1.74 

l.T5< 

1.76 
I.T6 

1.77 
1.77 
1.76 
1.761 
1.76; 
1.761 
1.601 
1.60 
1.I0< 
1.10 

1.611 

1.611 


1.579  l.i 


161. I 


600.0 


PftESSURC  PROFILE  DATA 

SVSTEK  LICUIO  BIPROPELIANT  PC  1000.  PSIA 


COMPONENT 

TA6F  FOAMULA 

density 

HEAT  FOAM 

HT 

DEC  R 

GM/CC 

(KCAL/FOAM.HT* 

I 

LOX 

90.2  02 

1.14 

-340B 

BS 

LH2 

20.4  H2 

o.on 

-UB67 

IS. 

eULK  density  >  •TSO  GH/CC 

PIXTUAE  RATIO  •  5«A67  LB  OXIDITER  /  LB  OF  FUEL 


PAESSURE  PROFILE  DATA 


CHAMBER 

ENTROPY 

438.04 

EU/IOOGMS 

Chamber 

THROAT 

FROZEN 

EXPANSION 

PHESSUREt  PSIA 

loco 

398. 1 

158.5 

63.10 

25.12 

14.70 

10.00 

3.901 

1.505 

.631 

.251 

.100 

561.4 

TEMP,  OEG  K 

3452«l 

2951.5 

2513.1 

2128.4 

1790*9 

1613.0 

1494.7 

1235.4 

1010.2 

817.3 

654.9 

520.7 

3130.6 

enthalpy  (•) 

22.22 

67.57 

106.25 

139.11 

166.84 

1.0.09 

190.10 

209.42 

225.31 

238.23 

248.64 

256.95 

51.47 

CP 

•  9165 

•  8941 

•  8689 

.8388 

•  8037 

.7017 

•  7651 

.7241 

.  6866 

.6562 

•  6282 

.6102 

•  9030 

IMPUL  OPT 

198.62 

270.37 

318.88 

354.71 

371.53 

382.1  7 

403.56 

420.34 

433.50 

443.82 

451.84 

159.52 

IHPUL  VAC 

298.17 

332*64 

363.60 

386.53 

400.63 

408.37 

424.07 

436.44 

446.13 

453.71 

454.61 

290.99 

EPSILON 

1.068 

1.678 

3.026 

5.750 

0.455 

1UIB6 

21.996 

43.378 

85.478 

168.050 

324.634 

l.OOO 

SHIFTING  EXPANSION 

PRESSURE,  PSIA 

lOCO 

396.1 

158.5 

63.10 

2S.t2 

14.70 

10.00 

3.981 

1.585 

•  631 

•  251 

.100 

572.6 

TEMP,  OEG  K 

3452.1 

3120.1 

2792.5 

2458.9 

2124.0 

1935.9 

1806.4 

1519.2 

1265.0 

1042.3 

849.7 

686.0 

3249.7 

enthalpy  i') 

22.22 

68.43 

109.40 

145.44 

176.71 

192.01 

203.45 

226.07 

244.44 

260.67 

273.51 

283.94 

50.85 

X  BAA 

7.749 

7.621 

7.527 

7.471 

7.440 

7.443 

7.442 

7.441 

7.440 

7.440 

7.440 

7.440 

7.668 

N 

7.749 

7.621 

7.527 

7.471 

7.440 

7.443 

7.442 

7.441 

7.440 

7.440 

7.440 

7.440 

7.668 

CP 

2*0055 

1*6647 

1.3203 

1.0496 

..90S 

.0300 

.8124 

.7654 

.7224 

•  6848 

•  6509 

.6228 

1.8035 

IMPUL  OPT 

200.50 

275.40 

327*41 

S66.6I 

3.5.23 

347.07 

421.12 

440.23 

455.46 

467.57 

477.17 

157.80 

IMPUL  VAC 

303.03 

341.38 

375.92 

403.91 

417.57 

426.34 

444.32 

458.71 

470.18 

479.26 

486.41 

294.32 

epsilon 

1.080 

1.746 

3.225 

6.224 

9.229 

12.276 

24.450 

48.418 

97.860 

195.216 

387.902 

1.000 

COPPOSII 

riON  shifting  IMOl/lOO  cmi 

»2.10  H 

•  2630 

•  1740 

.0965 

.0400 

•  0109 

.0041 

•  OOIB 

•  0002 

.0000 

•  0000 

•  0000 

.0000 

.2081 

9.33  HtO 

•  29C7 

.1580 

.0693 

.0205 

.0035 

•  0009 

.0003 

.0000 

.0000 

•  0000 

•  0000 

.0000 

•  2029 

.00  H2 

2.19Ca 

2.1421 

2.1202 

2.1190 

2.1243 

2.1264 

2.1272 

2.1279 

2.1280 

2.1280 

2.1280 

2.1280 

2.1581 

-57.80  H2«0 

4.9778 

5.1324 

5.2374 

5.2913 

5.3090 

5.3116 

5.3122 

5.3125 

5.3125 

5.3125 

5.3125 

5.3125 

5.0769 

59.56  e 

•  0193 

•  0076 

.0019 

.0002 

•  0000 

•  0000 

•oooo 

.0000 

.0000 

•  0000 

•  0000 

.0000 

•  0114 

•  00  02 

•  0174 

•  0073 

.0019 

•  0003 

.0000 

•  0000 

•  0000 

•  0000 

.0000 

•  0000 

•  0000 

.0000 

•  0107 

230* 


EfSILON 


l.OOO 
2.000 
J.OUU 
«.000 
S.OOQ 
fa. 000 
7. QUO 
H.OUO 
9.000 
10.000 
tl.OOO 
12.000 
ti.OOO 
Ifa.OUO 
IS. 000 
Ifa.OOO 
17.000 
It. 000 
19.000 
20.000 
21.000 
22.0CO 
21.000 
2fa.ooa 

2S.000 

2fa.000 

27.000 

2H.000 

29,000 

10.000 

Al.OOO 

12.000 

Ifa.OUO 
IS. 000 
lb. 000 
17.000 
la.ooo 
19.000 
•>0.000 
ok. 000 
«2.000 
•>1.000 
•••>.000 
faS.OOO 
•6.000 
•7,000 
•9.000 
•9.000 
SO. 000 
•  .faSS 


MC/l*  P  PSI9 

I.OCO  ICQO.COO 

1.7ei  Sfal.ifai 

Ii.9s7  lU.AfaH 

IS.Tlfa  faS.Sfa'l 

2fa.faCQ  fa0.9«fa 

1).127  10.G06 

•  2.116  21.(iS2 

S2.Sfa7  l9.Clfa 

<1.IS2  IS, US'! 

74.21?  ll.'S71 

eS.flSfl  ll.fa<>7 

S7.7fa7  10.211 

UO.IIO  'l.CbS 

121. ^20  9.102 

IJfa.92«  7.101 

lS9,7fab  fa.faifa 

US.«17  fa.Cfa? 

179,069  S.Stfa 

19S,fa4l  S.170 

21.7. tel  •.*>10 

222. }S7  •.•97 

29b. 9C9  •.221 

2Sl.2^9  1.960 

2fa7.7l.S  1.71S 

2r^,^tl  I.SIS 

iCl.SCi  1.117 

118. 7S4  1,117 

lib,2',l  2.S7« 

iSl.977  2.S2S 

171. 914  2. 690 

l«9,77b  2.Sbb 

•C7,9Jl  2. 662 

62S.9S7  2.1b9 

•  ••  .HI  c«  <  >2 

•  *.2.  lU  2.161 

•eO.SCI  2. Cal 

•  -m.bal  2. (.OS 

SI6.II18  I.IH 

Sl6.9Cb  l.eb9 

SS2.911  U6C9 

S70.a9O  l,7S2 

S«6.770  1.696 

bCb.S70  l.fa*l 

fa2fa.2c9  1.602 

6«l.a7}  l.sSl 

666. 7S9  l.SOfa 

69S.126  l.faSt 

7C7.2«7  !.•!• 

729. 7SI  1.172 

7s0.fa29  1.1(1 

772.272  1.29s 

68. 0^6  lb.696 


SvSTfP  LICUIO  RIPftOPfllbNt 
COMPOfiCKT  rXEP  PO*NUt.« 

nfc  K  ON/cc 

LOi  <»0.2  >12  t.U 

LH2  20.6  H2  o.ori 

PKBIfN  OKPANMON 
C  %1kH  •  7S)S.2  Pt/scc 
TEMP  rNfCALPV  CP  CAt/  I  OPT  OClVAC  CCLVAC 
DEC  A  KCAL/IQOGP  CH  08b  /P 

lbS2.1  >22.22  .916 

1110. b  -SI. 67  .901  199.9 

21A1.7  -117.62  .660  206.6 

.619  )|g.6 

.•26  116.1 
.•II  16t.O 
.•01  196.7 

.791  161.7 

.7*9  169.1 

.77*  176.0 

.772  17«.1 

.  766 
.761 
.7S6 
.791 
.  767 
.  76} 

.760 
.716 
.711 
.  710 
.  727 
.  726 
.  721 
.  719 
.  717 
.716 
.712 
.  710 
.  706 
.  706 
.70S 
.  701 
.  701 
.  700 
.696 


2111.2 

1971.9 
1999.0 

1770.9 
lt'‘9.S 
lblB.2 

1986.6 
19«1,S 

1901.7 
1666.0 
1611.6 
1606.6 
1)77.6 

I  ts2.e 

1129.9 

1109.6 

1298.6 

1269. 7 
12S2.0 
12)S.6 
1219. b 
1206.6 

1190.6 
1176. A 
llb(.9 
nsi.s 

IU9.> 

1128.1 

1117.6 
1107. 0 


1097.2 

1077. 6 
I0b«.7 
1060.0 
lOsl.S 
106).  1 

1915.6 

1027.7 

1020.2 
1012.9 
iaos.9 

999.0 
992.  1 
99S.9 
979. S 

971.1 

967.2 

1611.8 


-t  li.n 

-IS2.00 
-Ibl.lS 
-UA.6B 
-I  76.22 
-1  79.98 
-181.01 
-186.90 
-189,97 

•  192.29 
-196.76 
-196.99 
-198.96 
-2C0.81 
-202.92 
-206.09 
-2C9.96 
•2C6.91 
-2C8.22 
-2C9.6 I 
-210.97 
-211. 6S 
-212,67 
-211. 66 
-216. S6 
-219. 64 
-216.28 
-217.09 
‘217.86 
-218. S9 
-.19,  10 
-219.99 
-220. 6* 
•221.27 
-221.88 
-222.66 
-221.91 
-221. S» 
-22*.ll 

•  2  2^ .  6 1 
-22S.il 
-229.61 
•226.08 
-2/6.96 
-226.9# 
•227.62 
•227.86 
-228.29 
•180.49 


.699 

.696 

.692 

.691 

.690 

.688 

.687 

.666 

.609 

.696 

.681 

.661 

.680 

.679 

.782 


186. 7 

187.6 

189.9 

192.1 

196.2 

196.1 

197.8 

199.6 

600.9 
602.  I 

60J.6 
606.8 
•  06.0 
•07.0 
•  08.  1 
•09.1 

•  lO.O 

•  10.9 

•  11.7 

•  12.6 
•  11.) 

616.1 

•  16.9 

•  IS. 9 

•  16.1 
•  16.8 
•  I  7.6 
618.0 

618. 5 

619.1 

619.6 

620.1 

620.6 
621.1 
621.6 
622.1 

622.9 

622.9 
62  >.6 
)71.9 


1)1.9 

96.6 
66. M 
)9.2 

19.7 
11.2 
II.  1 
29.  7 
28.6 

27.1 
26.6 

29.9 

26.8 
26.  I 
2).9 
21.0 

22.9 
72.0 
21.6 

21.2 

20.8 

20.9 


19.1 


18.6 

16.1 
17.9 
17.  7 


.2)6 
.•88 
.706 
.998 
1.191 
1.607 
1.669 
1.877 
2.109 
2.)69 
2,977 
2.816 
1.060 
1.  (06 
1.96' 
9.788 
6.027 
•  ..'62 
6.692 
6.717 
6.9»7 
9.19? 
9.601 
9.696 
9.106 
6.198 
6.609 
6.699 
6.90/ 
7.196 
7.  198 
7.660 
7.880 
8.116 


16.  ) 


8.678 

8.406 

9.326 

9.269 

9.66'3 

9.671 

9.87S 


16.2  i:.(»8i 
16.0  13. (|6 
19.9  K.S66 

19.8  13.819 

19.9  11.066 
19.9  11.117 
19.6  11.96* 

19.1  11.819 

29.1  1.980 


IVl  10000 

287.6  288.6 

116.0  1)8.2 
)92.9  )»6.0 

)6{.l  )6S.9 

166.2  171.9 

>69.1  179.9 

)T0.8  178.0 

971.6  )79.7 
180.8 
181.1 


171.9  }80.) 


Hi.  0/0 

89. 

19. 


I  Al  1  2AC 
90000 

290.8  291.0 

162.6  )6).? 
162.0  >61.2 
(71.7  179.6 

111.7  181.7 

187.8  190.0 

192.1  196.9 

199.8  199.0 

(98.8  602.6 

601.6  609.6 

601.9  607.9 

609.6  610.2 

6C7.0  612.2 
6CH.6  616.0 

609.6  619.7 

610.7  617.2 

611.7  618.9 

612.9  619.8 
611.)  621.0 
616.0  622.1 

616.7  621.1 

619.1  626.1 

619.8  62S.0 

616.2  629.8 

•16.6  «26.6 
•16.9  627.6 

617.2  628.1 

617.9  62A.H 

617.7  629. S 

617.9  610.1 

618.1  6(0.7 

618.2  611.1 

618.6  611,4 

618.9  612.1 

618.6  612.9 

6l«.  7  611.  1 

•is. 8  61(.8 

6l«.9  6(6.) 

•18.9  6(6.7 

•17.0  6)9.1 

6(S.S 
6)9,  7 
6«b.  t 
616.7 
6(7.0 

617.6 
617.  7 
•  18.0 
6)8.6 

618.7 
(97.)  600.6 


CP  SEA  CP  VAC 
LA 

1.228  1.262 
1.619  1.669 

1.907  1.991 

1.94}  1.601 

1.966  1.6)8 

1.977  1.669 

1.98)  1.686 

1.986  1.706 

1.718 

1.7) 1 
1.762 
1.791 
1.760 
1.768 
1.779 
1.781 
1.787 
1.791 
1.798 
1.802 

1.607 
1.811 
1.81s 
1,814 
1.822 
1.829 
1.828 
1.811 

1.8) 6 
1.8)6 
1.8(9 
1.661 
1.866 
1.666 
I  .868 
I  .693 
1.892 
1.896 

I  .896 

1.608 
1.860 
1.661 
I  .861 
I  .466 
1.666 
1.867 

1.669 

1.670 
1.672 
1.871 

1.986  1  .  7U 


EPSILON 


l.OOO 
2.000 
1.000 
6.000 
9.000 
6.000 
7.000 
6.000 
9.000 
10.000 
I  l.OOO 
12.000 
11.000 
16.000 
19.000 
16.000 
17,000 
ll.OOn 
19.000 
20.000 
21.000 
22.000 
21.000 
26.000 
29.000 
26.000 
27.000 
28.000 
29.000 
10.000 
Jl.OOO 
12.000 
11.000 
16.000 
19.000 
16.000 
17.000 
18.000 
19.000 
60.000 
61.000 
62.000 
6). 000 
66.000 
69.000 
66.000 
67.000 
68.000 
69.000 
90.000 
9.229 


PC/P  P  PStA 

l.JCO  ICOO.COO 

1.766  972.660 

6.166  122.691 

16.821  67.661 

21.962  69.976 

)0.066  )).262 

38.91)  26.307 

•6.869  2I.)67 

96.226  17.786 

69.816  IS.IV6 

79.42)  1).17| 

••6.161  11.97  7 

97.01)  10.(06 

lC8.i89  V.26) 

119, 8U  8.(66 

111. 767  7.990 

l«).966  6.967 

196. )69  8.196 

168.916  9.920 

IP1.994  9.907 

196,1*6  9.166 

2C7.1((  6.828 

219,9)0  6.967 

232.717  6.297 

269.669  6.076 

294.1(9  (.899 

271.794  (.691 

288.6CI  1.669 

10.6)4  1.291 

118.892  1.1)6 

116,218  2.942 

164.719  2.894 

169. )26  2.7)7 

181.026  2.629 

196.746  2.920 

612.621  2.626 

628.682  2.))6 

666. )61  2.290 

660.269  2*17) 

676.118  2.100 

691,988  2.0) 

907,786  1.469 

92). 996  1.410 

9)9.279  1.896 

996.4)6  1.802 

970.911  1.791 

986.098  1.706 

601.916  1.662 

616.847  1*621 

6)2.627  1.981 

690.67)  1.9)7 

81.066  16.646 


lEPP  ESt6*LP» 
C(0  A  kClL/IOOO* 
)6S2.1  -22.22 

1264.7  -90.89 

2712.8  -118.94 

76)9.9  -161.74 

21*6. 6  -196.14 

22(1.1  -146.97 

2162.6  -179.04 

2067.1  -181.67 

2001.0  -187.16 

1967.6  -ISUIl 
1848. a  -149.88 

1499.9  •t46.*9 

1816.9  -202.61 

1791.1  -2C9.90 

1768.8  -208.04 

1714.2  -210.67 

1641.7  -212.69 

1666.2  -216.66 

1662.9  -216.91 

1620.2  -218.27 

1974,)  -?|4.90 

1974.9  -271.6) 

1960.4  -222.87 

196(,2  -226.22 

1926.6  -229.91 

1910.9  -226.7) 

1649.1  -227.84 

1680.7  -224.00 

1666.8  -2)0.09 

169). 9  -2)1.06 

1660.7  -2)2.02 

1628.6  -2)2.49 

1616.6  -211.81 

1609.2  -216.64 

1)96.2  -2)9.91 

1)81.9  -2}6«)0 

1)7).)  -2)7,06 

136). )  -217.74 

1191.7  -2)8.90 
1)66.6  -2)4.14 

1)19.)  -214.86 

1126.6  -260.90 
1)18.0  -261.1) 

1104.7  -261. T) 

1)01.7  -262. )2- - 
124). 8  -262.14 

1288.2  -26).6$ 

1278.7  -261.44 

1271.9  -266.92 

1286.6  -269.0) 

1297.9  -264.9) 

1419.9  -192.81 


Sh  PtiNC  ftP*6M!(N 


C  Stbt  • 

CP  CAi/  I  OPt 
CEO 

2.006 

l.tt06  197.8 

1.266  240.1 

1.076  >22.« 

.489  361.7 

.4)2  196.4 

.847  166.7 

.67)  )72.4 

.899  178.8 
.861  186.1 
.691  188.7 

.822  142.7 

.616  146.2 

.808  144.1 

.802  602.1 
.  747  606.7 

.742  607.0 

.788  604,2 
.786  611.2 

.781  61). 0 

.778  616.7 

.779  616.) 
.772  617.8 

.764  614.2 
.767  620.9 

•766  621. « 

.761  621.0 

.794  626.1 

.797  624.2 
.749  626.2 

.792  627.2 
. 790  628,2 
.768  624.1 
.766  624.4 

.764  6)0.8 

.76)  6)1.6 

.761  6)2.3 

.7)4  6)).l 
.7)8  6)).8 
•  7)8  6)6,9 
,7)4  6)4.1 
.7))  6)4.8 

.7)2  6)6.6 
.7)0  6)7.0 
.724  6)7.6 

,728  6)8.2 
•726  6)8,7 
.724  6)4.2 
.72*  6)4.8 
,72)  660.) 
.722  660.1 
.8)4  )i9.2 


7670.4  *t/9EC 
OPCVAC  CElVAC 
/P 

1) 6.4  .2)4 

60.1  .641 

64.7  .7)6 

66.2  .470 

60.4  1.217 

>7.8  1.6)7 

)9,7  1.67) 

>6.0  1.41) 

)2.6  2.167 

>1.6  2.)86 

)0.6  2.626 

24.4  2.862 

28.7  ).I06 

28.0  ).(92 

27.)  1.690 

26.7  1.868 

26.2  6.044 

24.7  6.160 

24.2  6.482 

26.8  6.820 

26.6  9.046 

26.0  9.284 

2) . 7  9.910 

21.)  9.7)1 

21.0  4.464 

22.7  6.226 

22. 5  6.680 

22.2  6.7)7 

21.9  6.44) 

21.7  7.268 

21.4  7.90) 

21.2  7.797 

21.0  8.004 

20.8  8.294 

20.6  8.907 

20.6  8.79) 

20.2  8.946 

20.1  4.2)7 

14.4  9,679 

19.7  9.704 

14.6  4.461 

19.6  10.170 
14.)  10.144 

14.1  10.617 
14.0  10.8)6 
U.V  11.091 

18.7  11.266 
18.6  11.67) 

18.4  11.68) 
18.6  11.4)7 
)2.)  2,200 


1  SC* 
L  A 


240.8 

)6).0 

761.6 

171.7 

177.9 
)B1.6 
IP). 6 

186.7 
189.2 


I  At 
lOOOO 


241.4 
>69.1 
>66.4 
)76.0 

182.4 
187.8 
191.0 
}9).2 
146.7 
>49.6 
>96.  I 
>46.  ) 


241.9 
164.  > 
(71.2 
)86.) 
14).) 

•  CO.  I 

•  09.) 

•  04,6 
611.  1 
6l6»  I 

•  18.6 

620.8 

622.7 
626.6 
629.4 
627.2 
628.6 

624.6 
6)0.6 
6)1.) 
6)2.  1 
63:. 8 
6)). 9 
6)6.1 

616.  7 
6)9.1 
6)9.9 

619.9 
616.  ) 
6)6.6 
6)6.8 
6)7.1 
6)7.) 
6)7.9 

617.  7 

617.8 
618.0 
618.1 
6)8.2 
6)8.) 

618.6 
6)8.9 
6)».4 
6)«.8 
6)8.7 
6)8.  7 


I  «AC  CP  SEA  CP  VAC 
k/L 

246.)  1.2)9  1.220 

>90.2  1.6)4  1.664 

)72.6  1.917  1.962 

189.4  1.994  1,614 

149.6  1.S86  1,694 

602.4  1.600  1.688 

608.2  1.604  1.712 

612.8  1.616  1.7)2 

616.8  1.616  1.768 

620.1  1.762 

621.1  1.779 

629.7  1.789 

628.0  1.749 

6)0.1  1.806 

612.0  1.812 

6)1.8  1.614 

6)9.6  1.626 

6)6.8  1.8)2 

6)8.2  1.8)8 

614.9  1.666 

660.7  1.864 

661.8  1.89) 

662.4  1.898 

661.4  1.162 

666.8  1.866 

669.7  1.870 

666.6  1.87) 

667.8  1.877 

668.2  1.880 

668.4  1.88) 

664.6  1.886 

690.)  1.884 

691.0  1.842 

691.6  1.846 

692.2  1.847 

692.8  1.844 

691.1  1.401 

69). 4  1.906 

6.96.6  1.406 

696.4  1.908 

699.6  1.910 

699.8  1.412 

696.)  1.916 

696.7  1.416 

697.1  1.418 

697.6  1.919 

698.0  1.421 

698.6  1.92) 

691.7  1.426 

699.1  1.926 

617.6  1.616  1.791 


989.2  349.0 


611.8 


.  _  _  PKEisune  PnafiLE  oat* 

SYSTEM  LIOUIO  B1PP9PELLANT  PCtbOO.  PSl* 

COMPONENT  nrmntTOn  umm — HnT~nftH - gr.'  b/b 

OeC,  «  _  CM/CC  IKCAL/FORM.NT.) 

lOX  90.2  02  I.IN  -1.08  90. 

IH2  20. A  H2  .BTJ  -1.887  TO.  ' 

- 8UIK  BENS I  TV  - :t;5  eH/CC - 

MIXTURE  RATIO  •  9.000  18  OXIDIZER  /  LB  OF  FUEL 

PRESSURE  PROFILE  OAT* 

_ CHAMBER  ENTROPY  ISA. 89  EU/IOOGMS 


CHAMBER 


THROAT 


PRESSURE!  PSI* 
..  7EMP,  DEG  X 

CP 

IMPUL  OPT 
IMPUL  VAC 
EPSILON 


PRESSURE!  PSI* 
TEMP!  OEG  K  ~ 
ENTHALPY  (-1 
X  BAR 
N 

ZP - 

IMPUL  OPT 
IMPUL  VAC 
EPSILON 


9.31  H*0 
.00  h2 

-S7.80  H2»0 
59. SA  0 
.00  02 


FROZEN  EXPANSION 


1000 

1578.7 

19b.  1 
107A.1 

TS8.S 

2611.1 

61.10 

22A2.I 

23.  r2 
1899.6 

1A.70 

1719.2 

10.00 

1597.9 

1.981 

1332.7 

I9«U2 

51.50 

01.91 

1QV«7Q 

111. '90 

'lAl.TA 

~150.63 

"766726 

«7t05 

.A9SA 

.A77A 

.6542 

.6117 

.6158 

.6019 

.5717 

175.68 

219. AS 

282.72  3TA.88 

330.05 

339.66 

159.11 

261.98 

29A.89 

122. 7A 

1A5.32 

356.13 

361.AO 

377. RA 

1.069 

1.687 

3.  057 

5.8Sr 

T.i22 

-rr.AAi 

22.675 

1.585  .AIT  .251  .100  SA2.A 

1 100. A  899.2  727.1  582. A  1255.9 

T  70.21 — TWTOT — rVH.55  205.52  A0.B2 - 

.5A1A  .5151  .A9I8  .A717  .7011 

17A.A9  ISA. AT  m. 30  A03.8B  1U0.82 

189.12  398.A0  A05.5A  A11.IA  257. AS 

AS.  101  B9.A55  T7T.«7ri51);OT1-  TiOffO 


1000  198.1  158.5 

3578.7  1292. A  1011. A 

18.02  SA.30  87.01 

5.817  5.711  5.598 

5.81A  5.711  5.598 

T.'Twn.Bin — rrysrr 

177. 6A  2AA.99 
2A9. lA  lOA.BO 
1.085  I.78A 


- SRirrrwc  tiBiHsimi — 

A1.10  25.12  IA.70  10.00 

2787.8  2551.7  2A1A.0  2111.5 

ItA.SA  IA1.21  I57.AR  1A7.19 
5.505  l.Nir  'T.T78  5.T55 

5.500  5.AI7  5.17S  5.555 

UTIIIf  I.UBB'  1.1128  1.0579 

292. 7A  110.02  3A8.12  1A0.2A 

138.01  lAA. 27  380.58  389.97 

1.187  A. BOA  lO.lAO  IA.012 


1.981 
20A1.A 
188.57 
5.11A 
5.11A 
'  .8232 
185.19 
A09.81 
29.191 


1.585  .All  .251  .100  S7A.A 

1801.0  ISAA.5  T509.A-  T096PI-3A01.9 
207. lA  221.57  217.18  2A9.02  AO. 17 

5.298  5.29A  57293— 5.293  -S.TAO' 

5.298  5.29A  5.293  5.291  5.7A0 

■■.5770  ;5D¥9 - :3S38 - ISllB  2.0897 

A05.8A  A22.B7  A3A.85  AA8.29  138.82 

Ii26.19  AS9.A1  A50.5T'"S5».A8  260.93 
60.A07  125.202  257.710  528.A21  1.000 


. llBo  .uvdS 
.A29A  .A991 

.A572-  -.3616' 
A.  1192  A. 3000 
.1080  .0787 

.3BA3  .1736 


~ni688 

.3802 

-7270T 

A.A677 

-.-65A2 

.lAIA 


COMPOSITION  SHIFTINC  IMOL7IOO  CMI 
’'.H18U 


.2719 


.0186 

.1809 


.0108 

.1339 


A. 6190  A.7A9A 
■  .03AT  -;oi8r 
.3A89  .3378 


.006  7 
.1039 
-.0532 
A. 8130  A. 8519 
'iOT26“  .0086 
.3329  .3303 


78000  77738" 
0000  .5501 


.1100  .3317 


1322 


A. 9603  A. 2288 
.0899 
.3321  .3781 


232' 


PRESSURE 

profile  data 

SYSTEM  LKUIO 

eiPROPELLANT 

PC  300*  PSIA 

component 

TREP  PORMULA 

density 

HEAT  FORM 

WT 

OEG  K 

GM/CC 

(KCAL/FORM.MT. 

) 

LOX 

90.2  02 

1.14 

•3.08 

66 

LH2 

20.4  H2 

0.071 

*1.867 

32 

0/0 


l>ttESSURE»  PSIA 
TEMP,  OEG  K 
ENThAlPV  I-) 

CP 

IHPUL  OPT 
IMPUl  VAC 
EPSUON 


PRESSURE,  PSIA 
TEMP,  OEG  K 

enthaipv  (-) 

X  BAR 
N 

CP 

IMPUL  OPT 
IMPUL  VAC 
EPSILON 


S2.10  H 
9*33  H«0 

•  00  H2 
•57.B0  H2*0 

39*36  0 

•  00  02 


eULK  CENSITV  •  *196  GM/CC 

PIXTUAE  RATIO  •  2*12S  LB  OXIDIZER  /  LB  OP  PUEL 

PRESSURE  PROPUE  DATA 


CriAMBER  ENTROPY  709*03  EU/iOOGHS 


Chamber 

300*0  L34.7 

60.49 

27.16 

FROZEN 

U.70 

EXPANSION 

12*20  5*477 

2*460 

1*104 

•  496 

•  223 

•  100 

THROAT 

166.3 

19L6.8 

1607.6 

1336.5 

llOl.S 

944*7 

901*0 

732*5 

592.7 

477.9 

364.7 

306*9 

245*5 

1680.9 

36*50 

60*93 

118.04 

l<i9.7S 

166*55 

173*96 

194*55 

211*22 

224*70 

235.54 

244*26 

251*48 

70.68 

U4S74 

1.3981 

1*3347 

1.280) 

1*2451 

1*2366 

1*2041 

1*1825 

1.1685 

1*1560 

1*1448 

1*1347 

1.4127 

196*61 

266*35 

)12.51 

336.9S 

145*84 

370.81 

389,87 

404*64 

416*12 

425* 14 

432*47 

1T2.38 

308*64 

335.21 

)«o.8e 

377.20 

381*59 

397.92 

410*74 

420*85 

426*61 

435*11 

440*26 

306.20 

1*023 

1*398 

2.186 

3*196 

3*599 

6*076 

10*414 

18.018 

31*411 

54.977 

95*654 

1.000 

300.0 

134.7 

60.49 

27.16 

SHIFTING  EXPANSION 
14*70  12*20  5*477 

2.460 

1.104 

•  496 

•  223 

•  100 

164.5 

1918.8 

1608.7 

1337*3 

1102.) 

965.6 

901.7 

733*0 

593.2 

478*  i 

365.0 

309*2 

245.8 

1682.3 

36*50 

80*94 

116.07 

i«8.ai 

168.62 

176.06 

194*63 

211*31 

224*81 

235.65 

244*  37 

251*61 

70.59 

15*874 

15.873 

15*873 

15.873 

15.873 

15.873 

15*673 

15*873 

15.873 

15*673 

15*673 

15*673 

15.873 

15*874 

19*673 

15*873 

15.973 

15.873 

15.87) 

15*873 

15*673 

15.673 

15*673 

15*673 

15*673 

15.873 

U4691 

1.3997 

1*3349 

1.2805 

1.2651 

1.2368 

1*2044 

1*1825 

1*1663 

1*1563 

1*1445 

1*1349 

1.4157 

196*64 

266.40 

312.58 

339.03 

365.92 

370*90 

389*98 

404*75 

416*24 

425*26 

432.60 

172.21 

306*90 

335.29 

360.97 

377.30 

381.69 

398*02 

410*65 

420*97 

426*93 

435*24 

440.39 

306.27 

1*023 

1*398 

2.186 

3.196 

3.599 

6*077 

10*415 

16*020 

31*414 

54*985 

95.674 

1.000 

•  0027 

*0003 

•  ocoo 

COMPOSITION  SHIFTING  IMOL/lOO  GM ) 

•0000  *0000  *0000  *0000  *0000 

.0000 

•  0000 

.0000 

•  0000 

.0005 

•  0001 

*0000 

*0000 

.0000 

*0000 

*0000 

*0000 

•  0000 

•  0000 

.0000 

•  0000 

.0000 

.0000 

1U62171U6229 

11*6230 

11.623011.6230 

11*6230 

11*6230 

11*6230 

11*6230 

11*6230 

11*62  30 

11.623011. 6228 

4,2499 

4*2500 

4*2500 

4.2500 

6.2500 

4*2500 

4*2500 

4*2500 

4*2500 

4*2500 

4*2500 

4.2500 

4*2500 

•ooco 

*0000 

•  OCOO 

•  0000 

.0000 

*0000 

*0000 

*0000 

•  0000 

•  0000 

•  0000 

.0000 

*0000 

•  0000 

*0000 

.OCOO 

•  0000 

.0000 

*0000 

*0000 

•  0000 

•  0000 

.0000 

*0000 

•  0000 

•  0000 

:234- 


SVSIfO  IICUIO  tlMaMLUNt  PC  lOOt  Mi* 

COWSNeNT  ru*  rstHUi*  OfMlIfV  HC*t  Mllli  Mr,  0/9 

010  K  oa/cc  iKC*L/f00N.Wf»i 

111  90.2  92  I.U  >>.0*  M. 

LH2  20*4  H2  O.OTl  •1.107  12. 

roailN  CX0ANSI0N 


C 

sr**  6 

7««2.2 

ff/sic 

cxsiloa 

4C/4 

4  09U 

tCM4 

fNtHAtXV 

C*  C01.2  1  0*7 

021V4C  OFiyiC 

1  910 

1  07 

1  07 

1  V0C 

C2  SI0 

CP  V0C 

DIG  1  00*1210004 

G71  OCC 

24 

IVL 

10000 

90000 

LVL 

l.OCO 

100.000 

1910.1 

•1*.  90 

1.407 

1.000 

1.424 

144.294 

U0O.9 

-ro.*9 

1.410 

172.4 

111.* 

•  *19 

294.2 

297.0 

104.* 

109.2 

1.204 

1.291 

2.000 

9.940 

lO.ClO 

1119.1 

•140.4* 

1.209 

104.2 

90.4 

l.*79 

191.9 

119.1 

191.7 

10*.* 

1.190 

1.499 

2.000 

10.924 

14.194 

944.0 

-1*9.99 

1.290 

119.1 

19.7 

2.440 

119.0 

149.9 

170.0 

17*. 7 

1.10* 

1.914 

4.000 

29.044 

10.120 

0*4.0 

•) 70.99 

1.224 

191.9 

11.7 

1.2*9 

191.7 

179.7 

>09.1 

1.977 

s.ooo 

41.049 

7.104 

790.4 

-107,47 

1.219 

1*2.4 

29.9 

4.040 

1*9.4 

>92.4 

l.*0* 

4.000 

9J.7I7 

9.970 

7U.1 

-194.11 

1.209 

170.0 

27.1 

4. *41 

1*9.2 

197.* 

1.427 

7.000 

«4.204 

4.191 

*92.7 

-199. 12 

1.197 

074.4 

29.2 

9.747 

191.* 

401.* 

1.4*4 

4.000 

41.447 

1.944 

*97.1 

-2C1.99 

1.192 

141.2 

21.* 

*.944 

>91.* 

404.9 

l.*97 

9.000 

49.9G4 

1.019 

*27.6 

-207.09 

1.1*7 

1*9.2 

22.1 

7.412 

199.0 

407.* 

!.**• 

10.000 

119. 4C9 

2.400 

602.2 

-210.04 

1.1*4 

1**.* 

21.1 

*.179 

>99,9 

409.4 

1.477 

11.000 

192. 4CI 

2.242 

900.0 

-212.71 

1.1*1 

191.9 

20.1 

*.94* 

14*. 9 

411.9 

l.**> 

12.000 

191.190 

1.402 

960.9 

-219.01 

1.17* 

196.1 

19.9 

9.446 

>9*,* 

411.* 

l.*9> 

12.000 

170.494 

1.790 

941.2 

-217.04 

1.17* 

196.1 

1*.* 

10.644 

>0*.9 

419.1 

l.fc99 

14.000 

190.472 

1.979 

927.* 

-211.09 

1.174 

19*.} 

1*.2 

U.9I7 

41*»9 

1.704 

19.000 

210.921 

1.429 

911.9 

-220.94 

1.179 

600.1 

If.* 

12.194 

417.0 

1.710 

14.000 

2)0.729 

l.lOO 

900.7 

•222.04 

1.171 

601.0 

17.1 

11.190 

410.9 

1.T14 

17.000 

290.901 

1.149 

401.4 

-221.42 

1.170 

601.0 

l*.ft 

11.914 

419.9 

1.711 

10.000 

271.241 

1.104 

470.1 

-224.** 

1.14* 

606.4 

U.2 

16.6*1 

420.0 

1.722 

19.000 

294.199 

1.020 

4*0.1 

-229.49 

1.1*7 

609.9 

19.9 

19.914 

421.7 

1.72* 

20.000 

117.440 

.944 

490.1 

-224.91 

1.14* 

607.0 

19.9 

i*.m 

422.9 

1.729 

21.000 

141.429 

.070 

490.1 

-227.94 

1.1*9 

60*.  t 

19.1 

17.219 

421.2 

1.712 

22.000 

144.011 

.420 

442.0 

-224.49 

1.1*4 

609.1 

14.* 

19. 000 

421.4 

1.719 

2  2.000 

140.744 

.764 

414.4 

-229,77 

1.1*1 

610.1 

14.9 

t*.4}4 

424,6 

1.710 

24.000 

419.791 

722 

427.9 

-210. *0 

1.1*2 

610.9 

14.1 

19.771 

429.2 

1.740 

29.000 

440.419 

.440 

420.9 

-211.14 

1.161 

611.* 

14.0 

20.940 

429.0 

1.742 

24.000 

444.111 

.441 

414.1 

-212.11 

1.160 

612.6 

11.9 

21.411 

42*. 1 

1.749 

27.000 

491.441 

.410 

400.1 

-212.41 

1.199 

611.1 

11.9 

22.219 

626.0 

1.747 

21.000 

917.441 

.900 

402.4 

-211.90 

1.19* 

614.0 

11.1 

21.001 

627.1 

1.749 

29.000 

941.049 

.992 

194.9 

-214.11 

1.19* 

414.7 

11.1 

21.771 

427.0 

1.791 

10.000 

944.719 

.920 

191.7 

-214.71 

1.197 

419.1 

12.9 

24.916 

420.2 

1.792 

11.000 

944.176 

.909 

106.7 

•219.11 

1.196 

419.9 

12.* 

29.202 

420.4 

1.796 

12.000 

421.4)7 

.442 

142.0 

-2  19.46 

1.196 

416.9 

12.6 

26.001 

424.0 

1.79* 

ii.ooe 

490.074 

.441 

177.4 

-216.10 

1.199 

617.0 

12.4 

26.446 

424,6 

1.797 

14.000 

600.114 

.441 

171.0 

•2  16.04 

1.194 

417.9 

12.  1 

27.004 

624.0 

1.794 

19.000 

710.129 

.422 

160.9 

-2)7.17 

1.194 

419.0 

12.1 

20.661 

610.  1 

1.7*0 

16.000 

740.201 

.409 

164.0 

-217.41 

1.191 

41*. 9 

12.0 

29.918 

6)0.9 

1.7*2 

17.000 

770.794 

144 

161.0 

-214.20 

1.191 

419.0 

11.9 

10.172 

610.0 

1.7*1 

14.000 

iC1.9l4 

)74 

197.2 

•214.71 

1.192 

419.4 

11.7 

91.224 

611.1 

1  .766 

19.000 

412.9)6 

140 

191.6 

-219.11 

1.192 

419.9 

U.* 

12. 972 

6  1.6 

1.7*9 

40.000 

441.744 

14  7 

190.1 

-2  }«.f} 

1.191 

420.1 

11.6 

12.416 

611.7 

U7*T 

41.000 

499.247 

119 

146.0 

-219.91 

1.191 

420.7 

11. 1 

11.799 

612.0 

1.7*0 

42.000 

424.127 

)24 

141.9 

•240.24 

t.l9C 

421.1 

11.2 

16.904 

612.1 

1.7*9 

41.000 

494.794 

.111 

140.4 

•240.49 

1.190 

421.4 

tl.l 

19.610 

612.9 

1.7  70 

940.727 

101 

117.  1 

•241.00 

1.169 

421.0 

11.0 

16.214 

612.0 

1.771 

49.000 

1022.124 

.291 

114.4 

-241,14 

1.169 

422.1 

10.4 

17.099 

611.0 

1.772 

44.000 

1099.0)9 

.204 

111.9 

•241.47 

1.169 

422.9 

10.9 

17.061 

411.1 

1.771 

47.000 

1007.117 

.274 

120.7 

•241.44 

1.169 

422.0 

10.7 

14.664 

411.9 

1.776 

44.000 

1114.714 

.240 

12**0 

•242.10 

1.147 

421.1 

10.* 

14.697 

411.7 

1.779 

49.000 

1192.144 

.240 

121.1 

•242.41 

1.147 

421.9 

10.9 

60.241 

411.4 

l.TT* 

90.000 

1104.477 

.291 

120.0 

•242*40 

1.147 

421.* 

10.4 

41,021 

414.1 

1.777 

).194 

20.414 

14.444 

■744.7 

-1*4.99 

1.249 

119.9 

19.1 

2.601 

110.9 

190.9 

172.0 

177.2 

1.107 

1.966 

PRESSURE 

profile  data 

SYSTEM  liquid 

bipropellant 

PC  SOO.  PSIA 

COMPONENT 

TREF  FORMULA 

DENSITY 

heat  form 

WT 

OEG  K 

GM/CC 

(KCAL/FORM.WT. 

) 

LOX 

90.2  02 

1.14 

-3.06 

73 

LH2 

20.4  H2 

0.071 

-1.887 

27 

bulk  density  «  .225  GH/CC 

»«IXTUR6  RATIC  «  2.704  L8  OXIOUER  /  LB  OP  FUEL 

PRESSURE  PROFILE  DATA 


CHAMBER  ENTROPY  641.S4  EU/IOOGMS 


CHAMBER 

THROAT 

PRESSURE* 

PSIA 

300.0 

134.7 

60.49 

27.16 

FROZEN 

14.70 

EXPANSION 

12.20  5.477 

2.460 

1.104 

•  496 

•  223 

.100 

165.B 

TEMP,  OEG 

K 

2299.6 

1951.3 

1644.7 

1375.9 

1192.9 

1141.3 

939.3 

767.8 

624.  1 

505.3 

407.9 

328.8 

2037.5 

ENTHALPY  I 

1-J 

32.30 

77.56 

115.83 

147.98 

166.98 

174.77 

196.91 

215.06 

229.86 

241.86 

251.57 

259.36 

66.52 

CP 

1.32CB 

1.2735 

1.2221 

1.1672 

1.1275 

1.1165 

U0742 

1.0421 

1.0183 

1.0028 

.9904 

.9800 

1.2868 

IMPUL  OPT 
IMPUL  VAC 
EPSILON 

198.43 

312.39 

1.025 

269.58 

340.26 

1.416 

317.24 

367.51 

2.242 

344.83 

384.92 

3.306 

352.06 
389.63 
3.  732 

378.42 

407.19 

6.364 

398.74 

421.06 

10.994 

414.57 

432.02 

19.142 

426.98 

440.70 

33.511 

436.76 

447.58 

58.894 

444.45 

453.03 

103.880 

172.54 

309.39 

1.000 

SHIFTING  EXPANSION 


PRESSURE, 

PSIA 

300.0 

134.7 

60.49 

27.16 

14.70 

12.20 

5.477 

2.460 

1.104 

.496 

.223 

•  lOO 

165.8 

TEMP,  OEG 

K 

2299.8 

1959.5 

1653.8 

1  384.3 

1200.6 

1148.7 

945.8 

773.3 

628.8 

509.2 

4U.1 

331.5 

2044.7 

enthalpy  { 

i-) 

32. 30 

77.65 

116.08 

148.  39 

169.49 

175.32 

197.58 

215.84 

230.73 

242.82 

252.59 

260.44 

66.57 

X  BAR 

13.4C5 

13.395 

13. 393 

13.393 

13.393 

13.393 

13.393 

13.393 

13.393 

13.393 

13.393 

13.393 

13.397 

N 

13.405 

13.395 

U.  393 

13.393 

13.393 

13.393 

13.393 

13.393 

13.393 

13.393 

13.393 

13.393 

13.397 

CP 

1.3954 

1.2928 

U2262 

U1688 

1.1289 

1.1178 

1.0755 

1.0429 

1.0185 

1.0029 

.9901 

.9606 

1.3150 

IMPUL  OPT 

198.62 

269.98 

317.79 

345.48 

352.74 

379.20 

399.60 

415.49 

427.96 

437.78 

445.51 

172.67 

IMPUL  VAC 

312.87 

340.91 

366.23 

385.72 

390.44 

408.07 

422.01 

433.01 

441.73 

448.65 

454.12 

309.82 

EPSILON 

1.025 

1.418 

2.245 

3,311 

3.738 

6.375 

11.016 

19.164 

33.590 

59.041 

104. 163 

1.000 

COMPOSITION  SHIFTING  (MOL/lOO  CM  I 


52.10 

H 

•  0232 

•  0044 

•  0C05 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

•  0000 

•  0000 

•  0071 

9.33 

H*0 

•  0020 

•  0002 

•ocoo 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

.0000 

•  0000 

•  0000 

•  0000 

•  0004 

.00 

H2 

8.6196  8.6283 

8.8301 

8.8303  8.8304 

8.8304 

8.8304 

8.8304 

8.8304 

8*8304 

8.8304 

8.8304  8*8270 

■57.60 

H2»0 

4.5605  4.5623 

4.5625 

4. 5625  4,5625 

4.5625 

4.5625 

4.5625 

4.5625 

4*5625 

4,5625 

4.5625  4.5621 

59.56 

0 

•  0000 

•  0000 

•  OCOO 

•  0000 

•  0000 

•  0000 

.0000 

.0000 

.0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  00 

02 

•  0000 

•  0000 

•  ocoo 

•  0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

.0000 

•  0000 

•  0000 

.0000 

236' 


1 

] 

1 

3 

1 

1 

f 

i 

■ 

oc  100.  MU 

CWfMINr  fM9  fMHUt* 

ofNSirv 

HCO!  fMM 

Mf.  0/0 

■ 

OiC  9 

6N/CC 

KCOi/FOtH.Ml. 

1 

■ 

,-,r 

kfll 

90.2  92 

I.IO 

•3.09 

71. 

IM2 

20 

•  0  3(2 

0.071 

•1.117 

27. 

9«eilM  IfOANtteN 

c 

stoo  • 

70*9.9  2T/9fC 

ll'VlI.M 

9  9319 

ICN* 

tNlOOLfV 

CO  COk/  1  901 

OfLVOC  OtLVOC 

i  910 

1  or 

1  or 

1  VAC 

C7  SI* 

CP  VAC 

• 

QIC  «  «C*k210MI>  CD  OfC 

/* 

Ul 

lOMO 

90000 

kVl 

1 

l.OOO 

100.000 

2299.9 

*12.30 

I.12t 

■  1.000 

l.tcf 

109.911 

2017.9 

-**.92 

1.297 

172.9 

1U.9  .929 

297.3 

100.9 

109.0 

>09,0 

1.201 

1.290 

■  2.000 

9.011 

10.919 

1012.0 

-101.09 

1.190 

3M.0 

92.9  l.TM 

330.0 

304.2 

199.9 

191.7 

1.399 

1.001 

■_  1.000 

17. *12 

17.019 

1219.9 

•1*0.12 

1.117 

310.7 

02.3  2.000 

300.0 

399.0 

370.7 

>90.9 

1.391 

1.939 

«.000 

27.1*1 

10.902 

1112.9 

•177.90 

1.111 

390.0 

U.t  1.309 

399.2 

390.0 

>92.2 

1.990 

0.000 

10.902 

7.712 

1029.9 

-197.91 

1.092 

1*7.9 

12.1  0.190 

392.1 

399.9 

1.019 

0.000 

00.1*7 

9.990 

999.9 

•190.70 

1.079 

379.9 

29.0  0.9*7 

>97.0 

*09.9 

1.019 

M  r.ooo 

*1.197 

0.112 

907.0 

-209.17 

1.0*9 

392.0 

27.9  9.000 

OOO.O 

*09.) 

1.099 

■  0.000 

T7.*C9 

1.940 

941.4 

•209.00 

1.0*0 

307.0 

29.1  0.079 

402.0 

*13.* 

1.070 

■  0.000 

92.219 

1.290 

920.9 

•209.99 

1.091 

192.0 

lo.o  7.910 

003.0 

OU.O 

1.082 

1  10.000 

107.179 

2.799 

79f.| 

-212.20 

1.007 

199.0 

23.3  9.120 

000.7 

011.9 

1.092 

1  11.000 

122.070 

2.091 

707.0 

-219.09 

1.002 

190.0 

22.1  *.079 

009.0 

*21.1 

1.701 

12.000 

119.190 

2.190 

7*1.2 

•217.02 

1.010 

001.9 

21.0  9.009 

000.0 

O23.0 

1.701 

11.000 

1SO.I42 

1.911 

721.0 

-219.99 

1.010 

000. 0 

20.7  10.917 

oO*.2 

020.7 

1.719 

10.000 

1 79.009 

1.710 

701.7 

-221.91 

l.Oll 

000.2 

20.0  11.077 

00*. 3 

*2*. 2 

1.721 

^  11.000 

199.917 

1.990 

0*1.9 

•221.79 

1.029 

000.1 

19.0  12.922 

*27.9 

1.72T 

Y  1'..000 

212.2*0 

1.411 

0*7.9 

•129.42 

1.029 

O09.9 

10.9  13.109 

029. • 

1.732 

1  IT. 000 

231.102 

1.299 

092.9 

•220.9* 

1.021 

011.9 

10.0  10.191 

029.9 

I.7H 

1  11.000 

290.010 

1.200 

019.7 

-229.17 

1.020 

Otl.O 

17.0  10.03* 

4I0.9 

1.701 

1  10.000 

2*9 .9*9 

1.110 

029.9 

-229.09 

1.019 

OlO.O 

17.9  19.091 

031.9 

1.70* 

20.000 

299.910 

1.09 

011.9 

-210.99 

1.917 

019.7 

17.1  10.902 

*32.0 

1.7*8 

21.000 

111.71* 

.902 

002.7 

•212.01 

1.019 

OlO.O 

10.9  17.0  ^ 

*33.0 

1.791 

22.000 

111.920 

.999 

992.1 

•211.09 

i.oto 

OlO.O 

10.0  10.27* 

030.0 

1.79* 

23.000 

10*. 91* 

.9*1 

992.9 

•210.09 

1.012 

019.0 

U.l  19.101 

*39.1 

1.797 

m  24.000 

179. *22 

.791 

971.2 

•219.01 

l.Oll 

020.0 

19.0  20.002 

*39.1 

1.700 

?  20.000 

*b2.>«9 

.  7*9 

904.0 

•219.41 

1.010 

*20.9 

19.9  20.090 

41*.* 

l.TOl 

20.000 

*20.992 

.700 

990.1 

•210.79 

1.009 

021.7 

19.3  21.097 

*37.0 

1.709 

2T.000 

**9.997 

.00  7 

909.1 

•217.90 

l.MO 

022.0 

19.0  22.930 

037.0 

1.707 

«  21.000 

*71.291 

«*14 

900.9 

•239.29 

i.oor 

021.1 

10.9  21.192 

*19.1 

1.770 

29.000 

*97.0** 

.00* 

911.7 

•219.01 

1.000 

024.1 

lo.o  20.’  1 

*39.7 

1.772 

30. MO 

020. 9C7 

.970 

920.9 

•2  39.0* 

1.M9 

020.0 

10.0  20.999 

*39.1 

1.770 

11. MO 

9*0.90* 

.991 

920. 0 

-2*0.10 

1.009 

029.4 

14.2  29.742 

*39.0 

1.77* 

^  12.000 

9t«,7]2 

.12  7 

914.2 

-2*0.97 

1.000 

020.1 

14.0  24.914 

*40.  1 

1.777 

Jl.OOO 

992.077 

.900 

909.1 

-2*1.90 

1.001 

020.7 

11.0  27.272 

440.9 

1.779 

;!  10.000 

*17.477 

.*•> 

902.9 

-2*2.1* 

1.002 

*27.1 

13.0  29.070 

440.) 

1.761 

1  33.000 

0*0.9** 

.40* 

*47.0 

•2*2.0) 

1.002 

*27.1 

13.9  20.949 

441.) 

1.7*/ 

10.000 

072. 7tl 

.4*0 

*41  .« 

-2*».22 

3.001 

*/•.* 

11.3  29.011 

441 . 7 

1.7  44 

1.76>  / 

1.767  . 

*  iT.OOO 

099, 9C9 

.*24 

*96.7 

•2*3. 73 

t.OOO 

420.9 

13.2  IC.OtO 

447.0 

10.009 

727, **9 

.412 

*91.9 

-2*0.22 

1.000 

029.4 

13.0  11.947 

447.4 

4.000 

790.072 

.347 

*77.1 

•2*0.04 

.499 

429.9 

12.)  ’».4U 

447. r 

1.7*8 

'.c  .000 

7e*.991 

.  J«2 

*72.9 

-209.10 

.499 

410.1 

12.7  11.270 

441.0 

1.767 

'f  -1.000 

*1  1.2*4 

.  3*4 

*09.  1 

•7b9,90 

.490 

410.0 

12.0  14.110 

441.4 

1,7)1 

?.ooo 

9*2.194 

.  )9b 

**1.9 

•2*0,01 

.497 

4)1.2 

12.9  14.»94 

441.7 

1.7)2 

.  -.s.ooo 

•71.321 

.3** 

*99.  7 

•2*0,02 

.197 

431.0 

12.1  19.04; 

443.) 

1.743 

oO.OOO 

400. 017 

.333 

*99.7 

•2*0.02 

.990 

432.0 

12.2  10.090 

444.7 

1.71* 

••  «3.0iJ9 

470.0(9 

.  323 

*>1.9 

•2*7,21 

.494 

432.4 

12.1  17.9*0 

444.9 

l.7>* 

oo.OOO 

494. **« 

.313 

**«.  1 

-2*7. U 

.490 

432.0 

12.0  10. 174 

444.0 

1.710 

oT.OOO 

414.1*4 

.30  3 

***.0 

-2*7.9* 

.999 

431.1 

11.0  19.211 

44>.0 

1.717 

oi.ouo 

(0U.190 

.24* 

**0.9 

•2*4.29 

,999 

433.9 

11.8  *0.030 

4*9. 3 

1.716 

«  09.000 

10*4.014 

.2«0 

*}7,0 

•200,00 

.994 

411.0 

11.7  *0.990 

4*9.9 

1.711 

7  >0.009 

1079.994 

.279 

*1*.  1 

•2*9,97 

.994 

414.2 

11. 0  *1.072 

449.8 

l.lOO 

1  1.10* 

21. *1* 

1O.440 

1142.9 

•11*. 9* 

U127 

344.0 

40.1  2.720 

300.9 

390.9 

30J.3 

384.) 

U193 

1.399 

4 

OmIOIIM  IIOOMDOH 

C 

f»tO  • 

7007.*  Ot/lf' 

foiuii 

PCit 

P  991* 

rc«9 

(MbOLOT 

C»  COi/  1  097 

OtiVOC  OtkVOC 

1  SfO 

1  or 

1  *7 

1  VAC 

C7  31* 

CP  voc 

OCC  6  ■coi/tooo* 

006 

IP 

IVl 

looeo 

90000 

IVk 

1 .000 

300.000 

2290.9 

•12.10 

1.199 

1  l.MO 

1.9C9 

109.9*1 

20*0.7 

•00.97 

1.119 

172.7 

117.2  .027 

797.7 

>01.1 

309.* 

309.8 

1.209 

1.200 

1  2. MO 

9.0*1 

11.C47 

1*41.1 

•101.70 

1.191 

309.2 

93.2  1.712 

337.7 

300.8 

>99.0 

302.3 

1.399 

l.OOO 

I  l.MO 

17.99* 

17.091 

t2**.l 

•100.90 

UIU 

119.2 

02.4  2.400 

3*3.3 

390.) 

377.0 

391.7 

1.391 

1.938 

4  O.MO 

27.101 

10.4M 

1120.9 

•179.00 

1.112 

190.0 

M.4  I.3U 

398.9 

397.3 

393.0 

1.98* 

9. MO 

19. *0* 

7.911 

1013. 0 

•119.09 

1.091 

3*9.2 

12.9  0.190 

393.9 

400.0 

1.019 

O.MO 

90.2*2 

9.471 

9*0.9 

•199. 10 

1.090 

170.0 

29.7  4.979 

197.8 

00*.  3 

1.038 

T.MO 

01.221 

*.7*9 

9(3.9 

•201.00 

t.0*9 

103.1 

27.0  9.919 

400.8 

010.7 

1.099 

m  9. MO 

77,111 

1.970 

970.2 

•209,00 

1.001 

300.4 

29.9  O.OM 

002.9 

*10.3 

UOTO 

i  O.MO 

92.0** 

3.294 

911.2 

-209,90 

1.090 

392.7 

24.0  7.930 

OOO.O 

017.3 

1.082 

1  10. MO 

100. ••* 

2.907 

901.9 

•212.90 

t.OOO 

390.4 

23.0  9.339 

009.0 

*19.8 

1.092 

*  U.MO 

121.719 

2.*** 

771.7 

•219.90 

i.eoi 

199.0 

22.0  9.0*9 

*00.9 

*22.0 

1.701 

«  12. MO 

119.727 

2.  103 

7*0.1 

•219.10 

1.039 

002.1 

21.0  9.909 

00*. 9 

023.9 

1.708 

U.MO 

U0.142 

1.414 

727.2 

•220.00 

1.039 

000,9 

20*9  10.939 

007. 1 

*79.0 

l.TlI 

10. MO 

170.*7* 

1.714 

797.* 

•222.0* 

1.031 

007.0 

20.1  11.701 

007. 1 

*77.1 

1.721 

U.MO 

192,927 

1.999 

090.0 

•220.91 

1.020 

009.0 

19.9  12.909 

*29.9 

1.727 

U.MO 

211.009 

1.419 

071,0 

-220.22 

1.020 

O10.7 

19.0  13.377 

*29.7 

1.712 

"f  17. MO 

2M.011 

1.102 

*97.9 

•227.7* 

1.023 

412.4 

10.9  10.190 

030. 1 

1.737 

1  U.MO 

209.2  77 

1.201 

0*0.0 

-229,19 

1.021 

011.9 

19.0  10.909 

011.9 

1.7*1 

1  U.MO 

209. 1*1 

1.114 

*11.0 

•210.90 

1.019 

019.1 

17.0  19.729 

032.9 

1.7*9 

1  20. MO 

299. 9U 

1.039 

019. 0 

•211.71 

1.017 

010.9 

11.2  10.979 

033.7 

1.7*9 

*  21. MO 

110.090 

.400 

007.9 

•232. *7 

l.OI* 

017.7 

10.9  17.009 

030.0 

1.792 

22. MO 

192.920 

.901 

907.1 

•2  73,94 

l.Ol* 

019.9 

10.9  19.319 

*39.3 

1.799 

23. MO 

199.111 

.9*4 

997.0 

-210,94 

1*013 

*19.9 

10.2  19.191 

*30.1 

1.799 

20. MO 

179.172 

.791 

979.0 

-219,99 

1.012 

920.9 

19.9  20.003 

03*.* 

1.700 

M  20. MO 

OC1.27* 

.7*9 

900.2 

•230.79 

t.OlO 

021,9 

19.0  20.997 

037.0 

1.701 

f  20.000 

020.990 

.707 

900.0 

•217, *2 

t.M9 

422.9 

19.0  21.702 

*39.0 

1.709 

1  27. MO 

009. 090 

.470 

992.0 

-2 19,02 

1,000 

021.9 

19.1  22.979 

*39.0 

1.709 

1  29. MO 

071.717 

.010 

9*9.0 

-219,19 

U0O7 

020.2 

10.9  23.002 

*39.1 

1*770 

J  29.M0 

099, *42 

.000 

939.2 

•279  ,  90 

1.000 

029. 0 

10.7  20,214 

*39.0 

1.772 

10. MO 

919.21* 

.979 

911.0 

-240.99 

l.MO 

*29.7 

10.9  29.010 

*00.1 

1.770 

11. MO 

9*1.070 

.9>2 

920.0 

-2*1.29 

t.M9 

020.0 

to.l  19.900 

*00.0 

1.770 

32. MO 

900.919 

.929 

911.* 

-2*1.97 

l.MO 

027.0 

10.1  20.970 

*01.1 

1.779 

U.MO 

990.119 

.909 

912«* 

-2*2,09 

1.M3 

027.0 

13.9  27.9H 

001. 9 

1.779 

Y  10. MO 

019.920 

.497 

90*. 0 

-2*1.09 

1.003 

029.2 

13.7  29.139 

001.9 

1.711 

1  19. MO 

002.090 

.007 

901.1 

•2*3.01 

t.M2 

029.9 

13.9  29.003 

002.3 

1.713 

1  U.MO 

999.910 

.**9 

*o*.o 

•2*0, 10 

I.Ml 

029.1 

13.0  29.972 

002.7 

l.TOO 

1  17. MO 

097.091 

.410 

000.9 

-200.09 

1.000 

*29.9 

13.2  30.701 

003. 0 

1.7*9 

*  U.MO 

729.299 

•  410 

090.0 

•209,1* 

t.OOO 

OlO.l 

13.1  31.010 

003.0 

1.787 

19. MO 

793.019 

.191 

091.2 

-2*9.02 

.999 

OlO.i 

12.9  32.077 

003.7 

1.7*9 

00. MO 

791.900 

•  MO 

07*.* 

•2*0.09 

.999 

011.1 

12.9  33.9*3 

000.1 

1.796 

01. MO 

910.019 

.170 

072.2 

-2*0.93 

.990 

031.7 

12.7  30.209 

000.0 

1.791 

O2.M0 

919.290 

.197 

0*7.9 

•240.99 

.997 

032.1 

12.3  33.099 

000.7 

1.792 

f  OI.MO 

909,279 

.1*0 

0*1.7 

-2*7.37 

.997 

012.9 

12.0  39.920 

0O9.0 

1.793 

1  OO.MO 

997.079 

.110 

099.7 

-2*7.77 

.990 

OI3.0 

12.3  M.rii 

009.3 

1.799 

1  OO.MO 

920.929 

.120 

099.9 

-209.10 

.990 

Oll.O 

12.2  37.019 

009.9 

1.790 

X  00. MO 

990.919 

.110 

092.0 

-2*9.90 

.999 

033.7 

12.1  19.09* 

009.9 

1.797 

OT.MO 

999.920 

.100 

009.3 

-1*9,90 

.999 

010.1 

12.0  19.290 

00*.  1 

1.199 

09. MO 

1019. OJT 

.299 

000.9 

-209.29 

•990 

030.9 

11.9  00,123 

0O».3 

1.799 

Of. MO 

1009.019 

•  297 

*01.3 

•249.90 

.990 

030.9 

U.T  00.90* 

00*. 9 

l.OM 

90. MO 

1079,107 

•  279 

097. • 

-209.90 

.990 

039.1 

tl.T  01.702 

00*. 9 

1.001 

20.910 

10.09* 

1200.* 

•109.09 

1.129 

109.9 

O0.2  2.739 

309,3 

337.0 

391.0 

399. 7 

1.392 

1.999 

I 
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PREIkSURE  PROfILE  DATA 

SYSTEM  LICUIO  BIPPOP6LLANT  PC  )00.  PSIA 


COMPONENT 

TREF  FORMULA 

density 

HEAT  FORM 

NT 

06G  K 

GM/CC 

IKCAL/FORM.NT. 

) 

LOX 

90.2  02 

1.14 

•3. OS 

8C 

LH2 

20.4  H2 

0.071 

-1.867 

20 

eULK  CCNSITY  «  .284  CM/CC 

MIXTURE  RATIO  a  4.000  LB  OxIOUER  /  LB  OF  FUEL 


PRESSURE  profile  DATA 


CHAMBER  ENTROPY  5)7.79  EU/IOOGMS 


CHAMBER 

THROAT 

FROZEN 

EXPANSION 

PRESSURE! 

PSIA 

300.0 

134.7 

60.49 

27.  16 

14.70 

12.20 

5.477 

2.460 

1.104 

.496 

.223 

.  100 

168.1 

-  . 

TEMP,  OEG 

K 

2926.6 

2525.0 

2168.9 

1853.1 

1635.3 

1573.2 

1325.7 

1107.9 

918.5 

755.9 

618.3 

503.3 

2631.3 

ENTHALPY  I 

26.42 

69.94 

107.42 

139.53 

160.91 

166.67 

190.02 

209.44 

225.60 

238.96 

249.92 

258.86 

58.54 

CP 

1.0976 

1.0665 

1.0351 

.9970 

•  9658 

.9566 

.9123 

.8715 

.8355 

.8072 

.7852 

•  7698 

1.0769 

IMPUL  OPT 

194,57 

265.45 

313.68 

342.05 

349.56 

377.26 

399.02 

416.27 

430.01 

440.95 

449.68 

167.15 

INPUL  VAC 

307.34 

336.45 

365.02 

383.59 

388.67 

407.79 

423.15 

435.45 

445.28 

453,13 

459.41 

303.94 

EPSILON 

1.029 

1.443 

2.323 

3.475 

3*941 

6.852 

12.057 

21.339 

37.860 

67.250 

119,540 

l.OOO 

■  ' 

SHIFTING  EXPANSION 


PRESSURE* 

PSIA 

300.0 

134.7 

60.49 

27.16 

14.70 

12.20 

5.477 

2.460 

U104 

.496 

•  223 

•  100 

166.9 

TEMP*  OEG 

K 

2926.6 

2602.4 

2279.7 

1968.6 

1745. 9 

16.1.7 

1426.7 

1196.9 

997.4 

824.8 

67T.5 

553.4 

2694.0 

enthalpy  I 

1-) 

26.42 

70.46 

109.11 

142.64 

165.12 

171.42 

195.90 

216.66 

233.83 

248.18 

260.01 

269.69 

58.56 

X  8AR 

10.051 

9.976 

9.938 

9.924 

9.921 

9.921 

9.921 

9.921 

9.921 

9.921 

9.921 

9.921 

9.994 

N 

10.051 

9.976 

9*938 

9.924 

9.921 

9.921 

9.921 

9.921 

9.921 

9.921 

9.921 

9.921 

9,994 

CP 

1.6359 

1.3528 

1.1534 

1.0397 

*9862 

.9760 

.9264 

...49 

.8471 

.8157 

.7901 

.7725 

1.4254 

IMPUL  OPT 

195.73 

268.20 

317.96 

347.37 

166.17 

383.98 

406.70 

424.79 

439.23 

450.79 

460.04 

167.25 

IMPUL  VAC 

310.40 

341.23 

371.09 

390.46 

196.79 

415*80 

411.94 

444.93 

455.34 

463.68 

470.36 

306.42 

EPSILON 

1.033 

1*465 

2.373 

3.559 

4.040 

7.050 

12.462 

22.125 

39.405 

70.230 

125. 190 

l.OOO 

COMPOSITION  SHIFTING  IMOL/100  CM  I 


52.10 

H 

•  1930 

.0890 

•  0298 

.0067 

•  0016 

•  0009 

.0001 

•  0000 

•  0000 

.0000 

•  0000 

•  0000 

•  1139 

9.33 

HtO 

•  0640 

•  0218 

•  0C49 

.0007 

•  0001 

.0000 

.0000 

.0000 

•  0000 

.0000 

.0000 

•  0000 

•  0307 

•  00 

h2 

4.8589  4,8875 

4.9C82 

4.9176  4.9199 

4.9202 

4.9206 

4.9206 

4.9206 

4.9206 

4.9206 

4.9206  4.6798 

57.80 

H2«a 

4.9333  4.9777 

4.9950 

4.9993  4.9999 

4.9999 

5.0000 

5.0000 

5.0000 

5.0000 

5.0000 

5.0000  4.9685 

59.56 

0 

.0015 

.0002 

•  OCOO 

•  0000 

.0000 

•  0000 

•  0000 

.0000 

.0000 

•  0000 

•  0000 

•  0000 

•  0004 

•  00 

02 

•  OOC6 

.0001 

•  OCOO 

.0000 

•  0000 

•  0000 

.0000 

•  0000 

.0000 

•  0000 

.0000 

•  0000 

•  0002 

'I 


IVSTIM  iieuie  tlHtMiUNt  PC  too. 

CMMkIMT  Tftlf  tMMUi*  OfUtlfV  NiAt  AMM  WT.  «/! 

016  K  CN/CC  UCAl/P0KN.Mr.) 


101 

10 

7  07 

1.14 

)i09 

to. 

1.M2 

70.4  H7 

0.071  -1.667 

20. 

C 

11  1 

$766  • 

7191.0 

•7/$IC 

M9IL0K 

PCf* 

P  6916 

riM6 

INTHAIRV 

iP  C6t/  1  96I 

OCIVAC  OfLVAC 

1  910 

1  AT 

1  AT 

1  V6C 

Cl  III 

CF  VAC 

DIO  R  ICALIIOOOK  OR  OfO 

/• 

l»l 

10600 

90000 

LVk 

l.OCO 

100. COO 

2126.4 

•76.47 

1.016 

1.000 

1.764 

160.114 

2411.) 

•96«94 

1.077 

167.7 

196.6 

•  614 

212.0 

261.6 

102.0 

101.1 

1.116 

1.249 

7.000 

1.767 

>7.117 

1117.1 

-1)1.06 

1.006 

107.4 

94.6 

1.611 

1)2.1 

1)1.1 

994.) 

117.7 

1.167 

1.44I 

1.000 

16.470 

11.219 

1710.1 

-199.97 

.177 

112.4 

44.7 

2.492 

141.2 

192.1 

971.1 

177.9 

1.110 

1.946 

4*000 

29.14) 

11.111 

1966.0 

-167.96 

.199 

110.4 

96.6 

1.299 

199.9 

909.7 

1M.7 

1.919 

9*000 

39.0C2 

0.971 

1461.1 

-177.41 

.111 

M7.9 

99.0 

4. 01* 

910.9 

117.9 

1.621 

4.000 

49.944 

6.967 

1161.6 

•tl4.66 

.171 

171.1 

92.9 

4.40i 

>99.1 

401.6 

1.694 

7.000 

96.919 

9.104 

1116.6 

•140.62 

.111 

176.7 

90.) 

9.T02 

111.  7 

400.4 

1.671 

6.000 

49. 670 

4.194 

1762.7 

-146.71 

.601 

161.6 

26.4 

6.961 

401.2 

412.4 

1.410 

4.000 

•  1.714 

9.471 

1216.9 

-144.67 

•  617 

166.9 

77.1 

7.404 

401.0 

419.7 

1.70) 

10.000 

14.62) 

6.164 

1176.4 

-20 1.49 

.064 

m.4 

76.0 

0.211 

404.4 

410.9 

1.714 

11.000 

lot.oia 

2.777 

1141.1 

•204.94 

.676 

919.1 

29.0 

1.010 

409.9 

420.1 

1.724 

17*000 

171.711 

2.479 

1101.4 

-201.21 

.077 

916.1 

24.2 

1.769 

406.4 

471.0 

i.ni 

11.000 

116.12) 

7.204 

1061.7 

•211.79 

.666 

401.9 

29.4 

10.616 

406.0 

474.1 

1.741 

14.000 

191.916 

1.171 

1099.9 

-719.16 

.641 

409.1 

22.7 

11.471 

607.1 

420.6 

1.740 

19.000 

167.421 

1.712 

1017.0 

-716.00 

.697 

406.1 

22.1 

12. 121 

407.2 

42I.2 

1.794 

14.000 

169.999 

1.494 

1010.4 

-217.64 

.691 

406.1 

21.9 

11.161 

421.6 

1.760 

17.000 

111.642 

1.101 

110.9 

-211.94 

.641 

406.6 

21.0 

11.106 

4)0.1 

1.769 

16.000 

216.140 

1.  147 

171.1 

-221,11 

.646 

411.6 

20.9 

14.716 

417,1 

1.770 

11.000 

217.671 

1.7I4 

194.7 

•222.97 

.647 

411.1 

20.1 

19.906 

411.2 

1,779 

20.000 

241.440 

1.20) 

116.4 

•229.42 

.611 

414.9 

11.7 

16.  m 

414.7 

1.771 

21.000 

246.011 

1.174 

121.4 

-229.11 

.616 

419.6 

11.) 

17.110 

419.1 

1.711 

22.000 

261.6)7 

i.cir 

101.2 

-226. 91 

.614 

417.1 

10.1 

17.426 

4)6.0 

l.7»6 

21.000 

)C7.74) 

.441 

•  19.7 

-227.90 

.611 

411.) 

10.6 

16.770 

416.1 

1.710 

24.000 

121.12) 

.4)2 

•  •1.0 

-226.44 

.671 

414.4 

10.) 

11.617 

417.7 

1.711 

21.000 

141.1)4 

.671 

•  70.4 

-224.4* 

.627 

470.4 

16.9 

70.406 

4)l,6 

1.71* 

24.000 

U  1.1)4 

.6)1 

•  44.9 

-2)0.91 

.679 

471.4 

17.7 

71.111 

411.1 

1.791 

27.000 

161.019 

.717 

•46.4 

-2)1.41 

.671 

477.) 

17.9 

27.176 

411.0 

1.I02 

26.000 

4C1  .241 

.7)4 

•  1<.2 

-2)7.27 

.671 

471.7 

17.2 

71.016 

440.4 

1.164 

21.000 

471.941 

.712 

•  26.2 

•7)1.06 

•  611 

474.0 

17.6 

21.06? 

441.0 

1.107 

10.000 

442. 0C4 

■  411 

•  1«.7 

•211.66 

•  616 

474.6 

14.7 

24.671 

441.6 

1.101 

11.000 

447.941 

.444 

•01.6 

-2)6.60 

.616 

479.6 

16.9 

79.409 

447.1 

l.lll 

17.000 

461.119 

.421 

•  00.1 

-2)9.12 

.619 

476.) 

14.) 

24.710 

447.* 

I.AIA 

11.000 

9C1.611 

.919 

712.9 

-2)6«00 

.611 

477.0 

16.1 

27.009 

441.  1 

l.lll 

14.000 

924.412 

.972 

7»4.4 

-2)6.66 

.617 

677.7 

19.1 

77.070 

441.6 

1.112 

)9.000 

949.444 

.990 

776.4 

-2)7.24 

.611 

676.1 

19, • 

70.646 

444.1 

1.011 

)4.000 

966. 2C2 

.9)0 

761.2 

-2)7.64 

.601 

426.6 

19.6 

74.661 

444.9 

1.121 

17.000 

967.014 

.911 

761.4 

-2)6.46 

.606 

471.9 

19.4 

16.162 

444.4 

I.I2> 

>6.040 

406.199 

-4*1 

799.0 

•2H. 04 

.607 

410.1 

19.9 

10.421 

449.) 

l.lll 

11.000 

411.191 

■  479 

74«.2 

-2)4. 46 

.60* 

4)0.6 

19.1 

11.771 

449.7 

1.02* 

40.000 

494.621 

.491 

741.7 

•260.11 

.609 

411.7 

14.4 

12.674 

446.1 

1.121 

41.000 

476.910 

.442 

719.4 

-260.67 

•  604 

*11.7 

14.4 

11.474 

446.9 

1.121 

47.000 

7C7.4)1 

.427 

721.) 

-261.11 

.601 

417.7 

14.7 

14.112 

446.6 

Mil 

41.000 

776.421 

.41) 

771.) 

•261.94 

.107 

417.7 

14.9 

19.109 

447.7 

1.017 

44.000 

790.4)1 

.111 

717.4 

•262.09 

.601 

4)1.1 

14.4 

14. OM 

447.9 

Mil 

49.OW0 

779.942 

.117 

717.0 

•262.64 

.100 

4)1.6 

14.) 

H.004 

447. • 

1.119 

46.000 

•CO. 24) 

)79 

706.6 

•242.11 

.711 

4)4.0 

14.1 

17.714 

440.1 

UBU 

47,000 

679.191 

.144 

701.1 

•241. 19 

.716 

4)6.4 

14.0 

10.974 

440.4 

M)7 

46.000 

690.1)4 

•  19) 

416.1 

-241. f* 

.717 

414.6 

11.4 

11.471 

441.7 

Will 

44.000 

•  79.110 

.)4) 

611.7 

•244,14 

.717 

411.7 

I9.9 

40.760 

441.0 

1.140 

90.000 

ICO. 444 

.1)1 

6«6,1 

•244.94 

.716 

419.6 

11.7 

41.016 

441.1 

M41 

1.479 

70.414 

14.414 

1419.) 

•140.11 

.166 

147.0 

41.9 

2.077 

142.0 

194.6 

176, • 

101.6 

1.401 

1.977 

PCt»  P  *)U  ffM#  (urtiA^AV 


c  $ta  •  ms.o  Af/ifc 

C»  CU/  I  6*t  0«I.V*6  ttlVAC  i  SIA 


l.OOO 

}.ooa 

1.000 

«.ooo 

)«ooo 

6.000 

7.000 

1.000 

1.000 

to.ooo 

11.000 

47.000 

11.000 

16.000 

11.000 

16.000 

If.OOO 

lo.ooo 

11.000 

20.000 

11.000 

77.000 

73.000 

74.000 

71.000 

76.000 

77.000 

76.000 

71.000 

10.000 

11.000 

17.000 

11.000 

14.000 

11.000 

16.000 

11.000 

10.000 

11.000 

40.000 


l.OCO 
1.747 
6.1«} 
I6.4C1 
74.741 
11. 414 
41.614 
14.710 
41.177 
76.740 
10.641 
iei.141 
i 44.741 
474.67) 
144. 1C7 
111.140 
1  74.114 
110.461 
706. 7Cr 
777.071 
7)7.61) 
71).  7C7 
741.44) 
767.144 
)C1.74t 
17). 464 
147. )40 
141.771 
160.111 
111.11) 
416.1)) 
410.127 
410. 146 
477.611 
417.617 
117.414 
1)7.790 
167. 1C6 
176.177 
116. 640 
616.041 


too. COO 

166.617 
11.470 
11.611 
17.171 
6.104 
4.647 
1.1)0 
4.147 
1.6)) 
1.  107 
7.617 
7.161 
7.m 
7.074 
1.160 
1.711 
1.171 
1.411 
1.711 
1.741 
1.117 
l.U) 


OfO  6  6C61.710006  CP  OfC 
7474.4  •74.47  1.616 

1644.0  -I#. 16  1.471  167.1  1)1.7  >674  714.)  216.0  101.0  106.4  1.711  l.HO 


2047.4 

•1)2.44 

1.047 

104.4 

97.) 

1.712 

116.6 

144.7 

110.1 

161.7 

1.901 

1.441 

IIM.) 

•194.14 

1.907 

lU.O 

44.6 

2.464 

146.1 

117.1 

170.6 

192.0 

1.401 

1.140 

I4<*.7 

•170.14 

.177 

19«.I 

*0.« 

1.217 

161.1 

101.0 

119.4 

1.911 

1970.1 

•101. 10 

.192 

Mr. 2 

16.4 

4.111 

117.6 

404.0 

1.6)4 

1419.2 

•104.10 

.141 

176.9 

14.1 

4.174 

402.0 

410.9 

M60 

1427.7 

•149.41 

.121 

M).7 

11.1 

9,771 

*09.7 

419.6 

Mil 

1)71,2 

•200.14 

.110 

161.9 

W.2 

4.617 

609.6 

411.7 

1.610 

1)27.4 

•204.24 

.101 

114.4 

21. • 

7.900 

410.4 

471.2 

I.T12 

1700.4 

•204.09 

.101 

)19.6 

27.1 

6.142 

411.1 

416.2 

1.724 

1241, • 

•212.16 

.014 

402.2 

26.9 

1.191 

411.1 

420.7 

1*714 

1210.1 

•219.12 

.400 

404.6 

29.6 

1.129 

414.1 

491.0 

1.741 

iiit.o  -iir.n 

1111.1  •770.14 

1171.1  •777.11 
1104.)  •774.41 
1061.)  •774.17 
1061.7  •776.01 


161.0  •?)«.61 

171.1  •7)6.0) 
116.7  •717.10 

146.1  -7)6.1) 

114.1  -711.10 

171.6  -HO.Ol 

111.7  -IIQ.IO 

101.1  •741.71 

611.4  •747.11 

•64.0  •74).S7 
•71.1  •744.04 

•66.4  •144.77 

616.1  •741.41 

•10.1  -746.tt 
•42.4  •146.71 

614.1  *747. 14 
•77. T  -747,11 
•20.7  -llO.fl 


.667 
.677 
.677 
.666 
.664 
.640 
.617 
.611 
.610 
.647 
.641 
.647 
.640 
.616 
.616 
.•14 
•  617 
.610 
.670 
.676 
.671 
.671 
.677 
.670 
.611 
.617 
.616 
.611 


406.7 

410.7 
411.0 
411.) 
417.0 
416.0 

470.4 
471.1 
471.1 

474.6 

471.1 
477.0 

476.1 

471.7 
4)0.1 

411.1 
4)7.0 
417.0 
411.6 
4M.6 
4)1.1 
411.0 

416.1 
4)7.7 
4)7.0 

410.4 
411.0 
411.6 


74.6  10.717 

74.1  11.404 
71.4  17.467 

77.1  11.174 

77.1  14,161 

71.6  14.111 

71.4  11.612 

70.1  16.607 

70.1  17.16) 

70.2  16.141 

11.6  16.110 
11.1  11.611 

11.2  20.711 
16.1  21.162 

16.4  17.442 
16.4  71.717 

16.1  74.144 

17.1  74,161 
IT.7  71.674 

17.1  74.611 

17.7  77.461 
17.0  76.777 

16.1  71.076 

16.7  71.064 
16.9  >0.641 
U.l  11.411 
16.7  17. in 
16.0  17.106 


414.7  411.0 
411.0  414, 6 

411.7  416.1 
411.7  410.0 

411.1 

440.6 
441.0 

447.1 

441.1 

444.6 

441.7 

446.1 
447.) 

446.1 

440.6 
441.9 

490.1 

490.7 

491.1 

411.1 

497.4 

497.1 

491.4 

499.1 

494.1 

494.7 

499.7 
499.6 


41.000 

640.240 

.461 

011.1 

>f6«.RT 

.014 

440.1 

19.1 

11.091 

496.0 

42.000 

•  44) 

•07,1 

•241.60 

.012 

440.0 

19.7 

94.719 

490.4 

41.000 

619.464 

«41« 

•01.0 

-290.12 

•  Oil 

441.1 

19.9 

19.971 

416.7 

44.M0 

760. Ml 

.424 

714.4 

-290.62 

•010 

441.0 

19.4 

16.441 

407.1 

49.000 

791.410 

.410 

706.I 

•291.11 

.001 

442.1 

19.) 

12.106 

492.4 

46.060 

794.714 

•  117 

701.0 

•291.90 

.000 

441.0 

19.2 

90.167 

402.0 

47.000 

770.179 

•  m 

777.1 

•292.04 

.•or 

441.0 

19.0 

91.010 

490.1 

40.000 

•  Cl. 774 

.174 

771.0 

•292.40 

.006 

441.9 

14.1 

11.006 

490.4 

.)*) 

766.4 

•292.12 

.K9 

441.1 

14.0 

40.741 

490.7 

>0.000 

•41.)4) 

.19) 

761.1 

•291.14 

.00* 

444.1 

14.7 

41.919 

400.0 

9.991 

20.411 

14. All 

1749.1 

•169.12 

•  100 

947.4 

41.1 

2.119  >47.4  190.4 

110. 9  900.  9 

j.Tll 

1.T91 

1.769 

1.771 

1.777 

1.797 

1.797 

1.711 
1,719 

1.711 


1.617 

1.619 

1.610 

1.670 

1.679 

1.919 

1.677 

1.610 

1.697 

1.694 

1.696 

1*197 

1.691 

1,641 

1.649 

1*644 

1*644 

1*667 

1*641 

1.190 

\Ml 

1.691 

1*694 

1*699 

1*994 

1.171 


1.409 


PRESSURE  PROPllE  DATA 

SYSTE»^  LUUIO  etPROPELLANT  PC  300.  PStA 


COMPONENT 

TREE  FORMULA 

DENSITY 

HEAT  FORM 

MT, 

OEG  K 

GM/CC 

IKCAL/PORN.MT. 

) 

LOX 

90.2  02 

1.14 

-3. OB 

B5< 

LH2 

20.4  H2 

0.071 

-1.BB7 

IS. 

eULK  CENSHY  «  .3^0  GM/CC 

FIXTURE  RATIO  *  S.667  LB  OXlOUfR  /  LB  OP  PuEL 

PRESSURE  propile  DATA 
CHAMBER  ENTROPY  456*69  EU/IOOGMS 


CHAMBER 


THROAT 


PR02EN  EXPANSION 


PRESSURE* 

PSIA 

300.0 

134. 7 

60.49 

27.16 

14.70 

12.20 

5.477 

2.460 

1.104 

•  496 

.223 

.100 

168., 

TEMP,  OEG 

K 

3322.1 

2692.5 

251C. 3 

2169.B 

1933.8 

1866.3 

1595.8 

1355.0 

1141.3 

953.6 

790.4 

650.5 

3008.  7 

ENTHALPY  1 

[-) 

22.22 

60.97 

94.65 

123.62 

143.46 

146*98 

170.56 

188.95 

204.51 

217.56 

228.42 

237.40 

80.88 

CP 

•  9117 

.6919 

.8695 

.64  34 

.8206 

•  8135 

•  7810 

.7457 

.7109 

•  6787 

.6525 

•  6308 

.8,78 

IMPUL  OPT 

163.60 

251.0? 

297.31 

324.77 

332.06 

>59.24 

380.86 

398.23 

412.24 

423.55 

432.66 

187.06 

IMPUL  VAC 

290.48 

318.66 

346.82 

365.17 

370.21 

389,37 

404.99 

417.67 

427.93 

436.21 

442.86 

287.02 

EPSILON 

1.031 

1,457 

2.368 

3.572 

4.062 

7.149 

12.751 

22.876 

41.117 

73.873 

132.542 

1.000 

SHIFTING  EXPANSION 


PRESSURE, 

PSIA 

300.0 

134.7 

60.49 

27.16 

14.70 

12.20 

5.477 

2.460 

U104 

.496 

.22) 

•  100 

172,5 

TEMP,  OEG 

K 

3322.1 

3069.6 

2821.2 

2567.1 

2363.6 

2300.5 

2026.0 

1759.3 

1513.1 

1291.0 

10,2.8 

917,6 

3146.6 

E'^THALPY  1 

1-1 

22.22 

61,77 

97.65 

130.07 

152.65 

159.10 

184.77 

207.18 

226.53 

243.10 

2)7.18 

269,06 

49.96 

X  BAR 

7.847 

7,713 

7.603 

7.521 

7.480 

7.471 

7.448 

7.442 

7,441 

7.440 

7. .40 

7,440 

7.752 

N 

7.847 

7,713 

7.603 

7.521 

7.480 

7.471 

7,44B 

7.442 

7,441 

7.440 

7.440 

7,440 

7.752 

CP 

2*4629 

2.1034 

1.7C70 

1.3362 

I.UIO 

1.0561 

.6918 

.8107 

.7651 

.7272 

.6,40 

•  6621 

2,2212 

IMPUL  OPT 

185.49 

256,17 

306.32 

336.85 

345.08 

376.05 

401.13 

421.59 

436.36 

4)2.12 

463,41 

155.34 

IMPUL  VAC 

295,84 

328.56 

360.81 

382.22 

388.14 

410.75 

429.35 

444.68 

457,30 

467.67 

476,14 

291.10 

EPSILON 

1.041 

1.521 

2.549 

3.923 

4.485 

8.048 

14.578 

26.56? 

48,540 

88.713 

161,844 

l.OOO 

COMPOSITION  SHIFTING  (MOL/lOO  GH ) 


52.10 

H 

.  3542 

.2608 

.1738 

.0979 

.0528 

•  0422 

.0126 

•  0024 

•  0003 

•  0000 

.0000 

,0000 

,2891 

9.33 

H>0 

•  34C3 

.2229 

.1261 

•  0564 

•  0240 

.0176 

.0034 

.0004 

.0000 

•  0000 

.0000 

,000.0 

.2572 

.00 

H2 

2.2081  2.1550 

2.1229 

2.1123  2.1148 

2.1164 

2.1234 

2. 1269 

2.1278 

2.1280 

2,1280 

2,1280  2,1694 

>7.80 

H2«0 

4.8851  5.0436 

5. 16T6 

5.2511  5.287? 

5.2941 

5.3090 

5.3121 

5.3125 

5,3125 

5.3125 

5,3125  4.9980 

59.56 

0 

•  0315 

.0160 

•  0C63 

.0016 

•  0004 

.0002 

.0000 

.0000 

.0000 

.0000 

•  0000 

,0000 

,0201 

•  00 

02 

•  0278 

•  0150 

.0062 

.0017 

•  0004 

•  0002 

•  0000 

.0000 

•  0000 

.0000 

,0000 

,0000 

,0186 

•240- 


1 


1 


1 


1 


PRESSURE  PROPUE  DATA 

SYSTEP  LICUIO  eiPROPELLANT  PC  300.  PSIA 


COMPONENT 

TREE  FORMULA 

DENSITY 

HEAT  FORM 

NT, 

OEG  K 

GM/CC 

(KCAL/FORM.UT. 

I 

LOX 

90.2  02 

1.14 

-3*08 

90. 

LH2 

20.4  H2 

0.071 

-1.887 

10. 

eULK  CENSITY  •  «A55  GM/CC 

PlxruRE  RATIO  •  <>.000  LA  0XIOUER  /  IB  OF  FUEL 


I 

1 


PRESSURE  profile  DATA 
CHAMBER  ENTROPY  368.96  EU/IOOCMS 


CHAP6ER 


THROAT 


1 


FROZEN  EXPANSION 


PRESSURE. 

PSIA 

300.0 

134.7 

60.49 

27.16 

14.70 

12.20 

5.477 

2.460 

1.104 

•  496 

.223 

.100 

167.9 

TEMP.  OEG 

K 

3415.7 

298A.7 

2600.5 

2257.8 

2019.8 

1951.6 

1678.1 

1434.1 

1216.6 

1024.0 

855.0 

708.4 

3098.4 

ENTHALPY  I 

1-J 

U.C2 

48.20 

74.52 

97.41 

112.88 

117.25 

134.35 

149.01 

161.50 

172.06 

180.90 

188.27 

40.30 

CP 

•  7069 

•  6925 

.6767 

•  6560 

•  6421 

•  6369 

.6133 

.5875 

.5605 

•  5353 

.5121 

.4925 

.6968 

IMPUL  OPT 

162.03 

221.70 

262.80 

287.28 

293.81 

318.12 

337.58 

353.30 

366.07 

376.43 

384.85 

139.22 

IMPUL  VAC 

256.49 

281.85 

306.65 

323.33 

327.87 

345.17 

359.36 

370.96 

380.42 

388.08 

394.29 

253.34 

EPSILON 

1.032 

1.463 

2.386 

3.609 

4.108 

7.265 

13.030 

23.522 

42.551 

76.939 

138.866 

1.000 

SHIFTING  EXPANSION 


PRESSURE,  PSIA 

300.0 

134.7 

60.49 

27.16 

14.70 

12.20 

5.477 

2.460 

1.104 

•  496 

.22) 

•  100 

,  173.8 

TEMP,  OEG  K 

3415.7 

3193.3 

2988.4 

2796.5 

2655.3 

2613.1 

2432.0 

2249.1 

2054.2 

1843.8 

1625.2 

1413.5 

3262.0 

E.,THALPY  (-) 

ia.C2 

48.89 

77.19 

103.18 

121.71 

127.09 

149.06 

169.18 

187.51 

204.00 

218.62 

231.41 

39. 35 

X  BAR 

5.932 

5.812 

5.702 

5.601 

5.531 

5.512 

5.435 

5.372 

5.329 

5.305 

5.295 

5.293 

5.869 

N 

5.932 

5.812 

5.702 

5.601 

5.531 

5.512 

5.435 

5.372 

5.329 

5.305 

5.295 

5.293 

5.869 

CP 

2.58C6 

2.4567 

2.2620 

2.0666 

1.8656 

1.8014 

1.5084 

1.2063 

•  9337 

.7393 

.6)62 

.5828 

2.501) 

IMPUL  OPT 

163.87 

226,88 

272.19 

300.34 

300.04 

337.63 

362.64 

383.99 

402.24 

617.75 

430.86 

1)6.22 

IMPUL  VAC 

261.78 

291.81 

321.96 

342.62 

346.46 

371.49 

391.44 

408.63 

423.26 

6)5.56 

445.87 

257.31 

EPSILON 

1.043 

1.541 

2.629 

4.130 

4.757 

8.873 

16.814 

32.033 

60.850 

116.811 

215.509 

1.000 

COMPOSITION  SHIFTING  (MOL/lOO  GMl 

52.10  H 

.1893 

.1453 

•  1C67 

.0737 

.0522 

•  0465 

.0255 

.0112 

.0034 

•  0006 

.0000 

•  0000 

.1587 

9.33  H«U 

•  6611 

•  5482 

•  4435 

.3477 

•  2800 

•  2606 

.18)1 

•  1161 

•  0622 

•  0257 

.0076 

•  0015 

.58)2 

•  00  H2 

•  5275 

•  4412 

.3572 

.2763 

•  2173 

•  2001 

.1)09 

.0727 

•  0308 

.0086 

.0016 

•  0001 

.6685 

-57.80  H2«0 

4.0076 

4.1725 

4.3281 

4.4733 

4.5769 

4.6067 

6.7251 

4.8240 

4.8967 

4.9385 

6.9551 

4.9594 

6.1209 

59.56  C 

•  1360 

•  1055 

•  0791 

•  0566 

•  0419 

.0379 

.02)0 

.0119 

•  0048 

.0013 

.0002 

.0000 

.1167 

.00  02 

•  41C2 

•  3994 

•  3872 

.3737 

•  3631 

•  3599 

.3669 

•  3365 

.3306 

.3297 

.3)11 

.3320 

.60)1 

-242- 


6 


SVSTCI*  kICVtO  •t»*a»liLANt 
coMPasiNf  rKCP  paftnut* 

DPC  R 

koi  ao.2  a 

30*4  H3 


<fM/CC 

1.14 


1.000 

3.000 

1.000 

4.000 

s.ooo 
4.000 
?.000 
•  .000 
4.000 
10.000 
11.000 
12.000 
11.000 
14.000 
1«.000 
14.000 
13.000 

la.ooo 

14.000 

20.000 

21.000 

33.000 

31.000 

’*.900 

35.000 

34.000 

37.000 

3«.000 

34.000 

js.oao 

tl.OQO 

13.000 

11.000 

14.000 

15.000 

14.000 

17.000 

11.000 

14.000 

40.000 

41.000 

43.000 

41.000 

44.000 

45.000 

44.000 

47.000 

41.000 

44.000 

50.000 

1.404 


PC/P 

l.OCO 
U7i7 
1.441 
15.470 
31.474 
13.451 
43.343 
53.1)6 
t3.4C4 
74.170 
«4.U5 
17.415 
lC4.ai| 
131.432 
114.470 
1*1.710 
163. 73« 
1  74.440 
191.144 
305. •12 

330.1  74 
314.441 
3*4. 5C5 
3**. 051 
374.  l>ia 
345.  7'><* 
113.453 
134. 135 
1*4.191 
161.411 
lcl.C33 
19I.5  14 
*14.1 6) 
5 ll.M  74 
*51.44.3 
*t9.5C0 
*a7.1«l 
5C5.34} 
531.334 
5*1.167 

554.1  17 
577.044 
595.030 
411.014 
41). 644 
454.015 
67*. 195 
694.414 
714. 4«a 
7)6. 4C4 
757.154 

30.414 


P  PSI4 

100. COO 
147. aaa 
11.477 
14.114 
13.444 
4.1M7 
7.C44 
5.754 
4.744 
4.C14 
1.4P4 

1. C62 
3.711 

2.447 
3.23) 

2. C17 
li«44 
1.645 
1.444 

1.447 
1.361 
1.377 
1.303 
1.1)6 
1.C74 

.460 
.4)1 
.«64 
.435 
.  7a  7 
.751 
.  731 
.641 
.664 
.414 
.414 
.544 
.571 
.544 
.517 
.520 
.504 
.444 


0.071 

aaoiCN  ciPANsiflit 
C  StAt  •  4$4i.4  Pt/SfC 
TfMM  fNTPOlPV  CP  CAL/  I  OPr  OltyAC  OCiyAC 
OfG  K  RCAl/IOOCT*  GH  OCC  /P 

1415.7  -11.02  .707 

1041.4  -90. )0  .647 

2164.4  -90«)4  .664 


.407 
.  144 
14.444 


3131.7 

1444.4 

1452.7 

1745.4 

1494.1 
14)5.6 
1564. a 

1540.6 

1501.4 

1444.6 
1415.0 

1404.2 
1)74.7 
1)55.4 

1113.4 

1111.7 

1393.1 

1271.4 
1394.  1 
13)9.4 

1234.4 

1304. 7 
ll'«5.7 

1163.4 

1164.4 
U5t.4 
U45.a 
1 1  9*  .  6 
U3).4 

1111.4 

1101.4 

1044.1 
tOH4.a 

1075.4 
t047.) 

1394.4 

1050.4 
1041.0 
10)5.4 
1034.0 

1030.4 

1011.4 

1007.1 

1090.5 
444.  I 
447.4 

441.7 

475.7 
3014.4 


-104.)1 
•114. 16 
-131.51 
-134.46 
-111.11 
•116.45 
-1*0.0) 
-1*3.64 
-1*5.03 
-147.10 
-144.46 
-150.65 
-153,14 
-151.60 
-156.40 
-156.11 
-157.31 
-154.34 
-154.37 
-160.14 
-161.07 
-161.44 
-U2.47 
-161.43 
-166. 13 
-166.40 
-165.46 
-166.06 
-166.65 
-167.31 
-167.76 
-164.34 
-164.74 
-164.37 
-164. 71 
-170.14 
-170.63 
-1 71.06 
-171.65 
-171.45 
-173.31 
-173.60 
-173.44 
-1)1.11 
-171.44 
•171,44 
•t>4.1t 
-176.41 
•U3.44 


.444 

.4)4 

.434 
.431 
.415 
.604 
.404 
.544 
.545 
.541 
.544 
.514 
.541 
.574 
.579 
.57) 
.570 
.544 
.544 
.544 
.543 
.540 
.554 
.556 
.556 
.559 
.651 
.650 
.544 
.54  7 
.546 
.565 
.641 
.542 
.541 
.540 
.514 
.5)4 
.617 
.616 
.515 
.5)4 
.51) 
.5)3 
.5)1 
.510 
.5)0 
.434 
.443 


114.3 

251.4 
277.2 

242.5 

102.4 

110.7 

114.7 

121.7 
125.0 

124.1 

112.4 

115.1 
1)7.5 
1)4.7 
)41.4 
)4).4 

145.1 

144.6 
144.0 

144.1 

150.5 

151.7 

152.4 

151.4 

154.7 

155.7 

156.5 

157.1 
*54.1 

154.4 

154.6 
UO.l 

160.4 

161.4 

163.2 

162.7 

16).  1 

161.4 
)64.4 

164.4 
165.) 

165.4 
144.) 

144.7 
It?. I 

147.4 
144.0 

144.4 
144.7 

144.1 

347.1 


114.1 

47.4 
14.2 

14.5 

11.4 
24.1 

27.4 

24.1 

34.4 
24.0 

•  31.3 

33.4 
31.0 

21.2 


.440 

U41* 

2.050 

2.T20 

1.411 

4.104 

4.740 

5.444 

4.101 

4.44) 

7.542 

4.215 

4.4)4 

4.550 


20.7  10.344 

30.2  10.475 
14.4  11.640 
14.4  t2.)75 
14.0  11.040 
U.7  11.713 

14.4  14.)40 

14.1  15.0)5 

17.4  15.446 

17.5  14.134 
17.)  17.043 
17.0  17.754 
14.4  14.444 

14.6  14.176 

14.4  I4.a46 

16.3  30.544 
16.0  31.344 

15.4  31.445 

15.7  22.475 

15.5  3). 154 

15.4  24.0)6 

15.3  34.707 

15.1  25.171 

14.4  36.037 

14.4  36.677 

14.7  37.11) 

14.5  37.454 
14.4  34.543 

14.1  34.34) 

14.3  34.954 
14.)  )0.*45 
14.0  11.17/ 

11.4  12.014 
l).4  )3.744 

11.7  11.510 

11.6  14.314 

14.1  2«451 


241.4  244.4 

274.1  244.) 

244.)  245.) 

244.0 


252.2 
244.5 

112.4 
122. 9 
)2a.5 
1)2.0 
1)4.0 
1)4.4 
)40.2 

141.4 
142.7 

141.5 

144.2 
144.0 
144.0 
145.0 


25).) 

240.4 

)10.4 

>27.0 

))4.) 

))4.0 

)44.2 

147.7 

150.7 

151.1 

155.4 
>57. 5 
>54.) 
>40.4 
>02.4 

141.7 
>04,4 
144.0 
>47.1 
>41.0 

500.4 

104.4 

170.6 
171.) 
172.0 

173.7 

171.1 
174,0 

174.5 

175.1 

175.4 

174.1 

174.4 

177.1 

177.5 

177.4 
17a. 4 

174.4 

179.1 

174.5 

174.4 

140.2 
1»0.4 
laO.4 

141.3 

141.5 

141.4 
143.1 

143.4 


1.14) 

.•)4> 

.404 


347.1  344.1  119.1 


1.242 
1.405 
1.551 
1.401 
1.0)4 
1.004 
1.001 
1.T05 
1.T20 
1.7)) 

1.744 
1.75) 
1.702 
1.770 
1.777 
I.7M) 
1.704 

1.745 
l.tOO 
1.005 
1.004 
I.OIl 
1.017 
1.021 
1.024 
1.030 
1.0)1 
1.0)4 
1.0)7 
1.0)4 
1.043 
1.044 
1.047 
1.044 

1.151 

1.05) 

1.055 

1.057 

1.054 

1.041 

1.041 

1.144 

1.044 

1.040 

1.044 

i.on 

1.073 
1.0  74 
1.075 
1.074 
1.409  U545 


1.000 

3.000 

1.000 

4.000 

5.000 

4.000 

7.000 

4.000 

4.000 

10.000 

11.000 

12.000 

11.000 

14.000 

19.000 

14.000 

17.000 

14.000 

14.000 

20.000 

21.000 

22.000 

21.000 

34.000 

35.000 

34.000 

27.000 

24.000 

24.000 

10.000 

11.000 

12.000 

D.OOO 

14.000 

15.000 

34.000 

17.000 

14.000 

14.000 

40.000 

41.000 

42.000 

4).000 

44.000 

45.000 

44.000 

47.000 

44.000 

44.000 

50.000 

4.1)0 


PC/P 

l.OCO 

1.734 

7.4JI 
>).))5 
19.544 
34.244 
31.411 
4<J.  744 
*9.364 
55. ACT 
7*. 045 
73.514 
el. 043 
44.477 
94.341 
IC4.744 
115.) 74 
131.731 

1) 1.144 
143.74) 
153.440 
163i3«4 
173.190 
142. Ot2 
193. 0C5 
301.444 
311.434 
221.040 

2) 1. •!• 
241.7)2 
2)1.420 
261.474 
271.110 
242.211 
291.244 
)C4.)t* 
>15.570 
124.0  5  0 
110.144 
144.410 
)41.077 
172.5  44 
144.154 
155.794 
4C7.)«4 
414.091 
410. 7J4 
4*2.441 
454.141 
469.042 
477.611 

20.414 


P  P)U 

joo.eoo 

171.024 
17.027 
32.447 
15.114 
11.420 
1,474 
7.151 
4.314 
5.  174 
4.4«1 
4.  1)4 

1.444 
1.345 
)«C54 
3.010 
3.405 
3.425 
3.253 
3.101 
1.447 
1.044 
1.74) 
1.440 
1.543 

1.445 
1.414 


.404 
.451 
.410 
.107 
.054 
.411 
.405 
.741 
.754 
.7)4 
.714 
•  444 
.674 
.661 
.644 
.624 
14.444 


IfB# 

oic  A  I 

1415.7 
1343.0 
34a6.4 

3751.4 

3444.4 

3599.4 

3545.1 

3590.4 

3443.4 

3434.7 
3)94.4 
3)71.4 
3)44.5 
3)31.5 

3103.3 

3343. 1 

3341.5 
3)45.4 
3334.0 
/7lt.O 

3197.4 
3141.) 
3144.) 
3154.0 

3141.1 

3110.7 
3U4.7 

3107.2 
3044.0 

2045.1 

2074.4 

2044.4 

2054.5 

3044.7 

2015.2 
2024.0 

2014.4 

2004.1 

1494.5 

1441.1 

1442.4 

1474.4 
1447.0 
1944.) 

1451.4 

1444.4 
14)7.2 
14)0.1 
142). 1 
1414.) 

1404.6 
2455.) 


Ct|T64*P« 
CAl/tOOGP 
•14.02 
•14.15 
•51. ll 
-U4.I5 
-130.47 
•)34.45 
-115.54 
-141,02 
-145.54 
-1*4,59 
-153.44 
-1)4.07 
•154. 41 
-191.14 
-161.41 
-165.74 
-167.70 
-169,51 
-171.21 
-I7<.40 

-174. 19 
-175.72 
-177,05 
- 1 74,  12 
-174.91 
-110.44 
-ill. TO 
-143.41 
-141.04 
-144.00 
-115.7) 
-144.42 
-147.40 
-144.11 
-144.11 
-144.44 
-190.44 

-in. 14 
-193.07 
-193. T5 

-191.4) 
•194.04 
-144.40 
•145,24 
-145.00 
-144.46 
-147.02 
-117. 5T 
-llO.tt 
-190.61 
-119.16 
-131.71 


C 

CP  C4t 
G"  0(G 

2.501 

3.501 

2.175 
2.000 
1.440 
1.774 
1.444 
1.421 
1.554 
l.)C2 
1.451 
1.405 
1.144 
1.124 
1.241 
1.254 
1.224 
1.201 

1.175 
1.151 
1.120 
I.i04 
1.004 
1.047 
1.044 
1.012 
1.014 


SMiniHO  ftPONSlON 
5744  •  4721.7  Pl/StC 

I  OPt  OU*AC  CflV6C  I  5(6 


l/l 


.444 

.414 

.421 

.412 

.402 

.042 

.401 

.474 

.441 

.417 

.444 

.442 

.414 

.427 

.420 

.014 

.400 

.001 


114.2 

252.4 

241.1 

244.5 

110.7 

114.4 

127.1 

111.1 

114.2 

162.7 

164.4 
ilO.O 

151.1 

155.4 

154.5 

140.4 
141.0 

141.1 
147.0 

144.7 

170.4 
172.0 

171.6 

176.4 

174.1 

177.5 

174.7 
174.0 

100.4 
102.0 
>41.0 
146.0 

106.4 
)05.0 

104.7 

107.5 

100. 1 

104.1 
)04.4 
140.0 
141.) 
>42.0 

142.7 

141.4 
144.0 

144.4 

145.2 
149.0 

106.4 

m.o 

too.) 


121.1 

56.4 
67.2 

62.7 
14.0 
17.  7 

94. 1 

16.4 

11.7 

13.4 
13.0 
11.) 

10.7 

10.) 

24.4 

24.2 

20.7 
20.1 
20.0 

27.4 

27.1 
27.0 

24.7 

24.4 

24.2 
25.9 

25.7 

25.5 

25.2 
25.0 
26.0 

26.4 

26.5 
26.1 
26.1 

21.4 
21.0 
21.0 

21.5 

21.1 

21.2 
21.) 

22.4 

22.0 

22.7 

22.5 
22.4 
22.1 
22.2 
22.1 
44.  > 


.647  3*7.1 

1.664  314.6 

3.044  247.) 

3.744  100.1 

1.645 

6.144 
6.907 
5.544 
4.276 
7.007 
7,7)4 
4.642 
4.171 

4.144 
10.514 
11.141 
11.464 
13.574 
1). 104 
14.0)6 

16.740 
15.642 
14.144 

14.404 

17.411 

10.106 

10.442 

14.470 

20.1)4 

20.444 
21.450 
22.242 
21.014 

21.740 
24.647 
25.14) 

25.4)4 
24.441 
27.147 
20. 044 

20.404 
24.527 
10.24) 

10.455 

11.444 
12.11) 

11.07) 

)).?I2 

16.662 

15.151 

2.4f7  )0P.) 


10000  50000 

250.2  354.1 

343.4  105.3 

>04.4  124.4 

>12.4  1)4.5 

116.7  166,5 

150.6 


I  VAC  tf  )IA  CP  V6C 
kVk 


111.1  ))T.T 


25T.) 

107.7 

134.6 
161.) 
1)0.5 

157.5 

141.3 
147.9 

173.0 

175.5 

174.5 

141.1 

141.4 

144.1 
144. 1 
140.0 
141.4 

141.4 

146.4 
144.1 

147.7 

144.1 
400.  I 

401.1 

402.1 

401.4 

404.1 
405.) 

406.2 
40T.0 

407.4 

404.4 

404.6 
6)0,1 
6)0,1 

611.5 
6)2.) 
6)2.4 
6)1.6 
616.0 
6)6.5 
6)5.1 
6)5.6 
6)6.2 

616.7 
6)7.2 
6)7,1 
6)4.) 
6)4.6 
6)5.0 

162.6 


1.211 

1.171 

1.626 

1.6)7 


.143 
.473 
.571 
1.611 
1.677 
1.711 
1.7)1 
1.741 
I.T40 
1.747 
1,412 
1.425 

1.4) 7 
).I47 
1.457 
1.444 
).I75 
).4«2 
).440 
1.147 
1.50) 
1.404 

1.4) 5 
1.420 
).*25 
1.410 
1.415 

1.414 
1.446 
1.941 
1.452 
1.459 
1.454 
1.441 
1.444 
t.464 
1.472 
1.475 
1.474 
1.441 

1.414 
1.444 
1.444 
1.44) 
1.444 
1.444 
1.444 
2.001 
2.001 
2.009 

1.4)7  1.414 
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AERONUTRONIC  DIVISION 


©2  -  RP  - 


1  SYSTEM 


245- 


PRESSUKE 

SYSTEP  LtCUIO  IIPROPELUNT 
COMPONENT  TREE  PORNULR 
DEC  K 
40.2  02 
240  OHl.412 


LOR 

RP-1 


PRflPlLE  ORTR 
PC  tOOO.  PSU 

OENtlTV  HERT  FORM  NT. 

GN/CC  IKCRL/FORM.HT.I 
1.14  -J.OI  PC. 

0.00  -6.42  40. 


0/0 


SULK  CENSITY  •  .474  6M/CC 

FUTURE  R4TI0  •  l.SOO  LB  OXtOIlER  /  LB  OF  FUEL 


PRESSURE  PROFILE  DOT* 


CHBFBER 


PRESSURE,  PSIA 

lOCO 

140.1 

ISO.S 

TEMP,  OEG  K 

2444.2 

2004.4 

1410.4 

ENTHALPY  (-1 

2S.90 

40.41 

47.41 

CP 

.S1C4 

.1141 

.4404 

IFPUL  OPT 

141. S4 

140.04 

IFPUL  VAC 

211.01 

212.04 

EPSILON 

l.OSS 

1.601 

PRESSURE,  PSIA 

toco 

140.1 

llE.l 

TEMP,  OEG  K 

2444.2 

2020,1 

1416.1 

ENTHALPY  l-l 

2S.90 

40.47 

47.44 

X  BAR 

S.AEO 

1.414 

1.614 

N 

S.4E0 

1.414 

1.614 

CP 

.S972 

.1201 

.1114 

IMPUL  OPT 

141.74 

141.10 

IFPUL  VAC 

211.44 

231.41 

EPSILON 

1.014 

1.611 

170.04  C 

.COCO 

.0000 

.ocoo 

142.00  C*H 

.OOCO 

.0000 

.ocoo 

-2.40  C»H«C 

.00C4 

.0001 

.ocoo 

47.00  OM2 

.OOCO 

.0000 

.ocoo 

-27.70  C*H2<0 

.OOCO 

.0000 

.ocoo 

11.44  C*H} 

.OOCO 

.0000 

.ocoo 

-17.84  C»H4 

.OOCO 

.0000 

.OCOl 

-24.42  OO 

2.70CS 

2.4400 

2.4170 

-44.0S  C*02 

.1401 

.1421 

.2444 

144.00  C2 

.OOCO 

.0000 

.OCOO 

112.10  C2>H 

.OOCO 

.0000 

.ocoo 

S4.14  C2<H2 

.OOCO 

.0000 

.ocoo 

12. SO  C2>H4 

.OOCO 

.0000 

.ocoo 

104.70  Cl 

.OOCO 

.0000 

.ocoo 

242.10  C4 

.0000 

.0000 

.ocoo 

S2.10  H 

.0001 

.0012 

.ocoi 

4.11  HvO 

.00C4 

.0000 

.ocoo 

.00  H2 

2.0414 

2.0471 

2.1440 

-47.00  H2>0 

.7274 

.4440 

.4442 

S4.S4  0 

.OOCO 

.0000 

.OCOO 

.00  02 

.OOCO 

.0000 

.ocoo 

.00  C/C 

.OOCO 

.0000 

.OCOO 

CF4M8ER  ENTROPY  24S.42  EU/IOOCMS 


FRS2EN  EXPANSION 


43«10 

25.12 

14.70 

10.00 

1.401 

132564 

1063.7 

411.4 

041.0 

444.7 

12.75 

45.04 

101.10 

104.41 

112.71 

•  4746 

•4612 

.4104 

.4414 

.4200 

223.03 

245.41 

216.12 

262.77 

271.14 

252.12 

267.08 

274.11 

270.12 

207.21 

2.786 

5.046 

7.121 

4.124 

17.444 

SHIFTING  EXPANSION 


61.10 

21.12 

14.70 

10.00 

1.401 

1114.4 

1120.6 

1024.4 

401.2 

411.2 

81.17 

41.04 

102.24 

104.14 

111.47 

1.414 

1.611 

1.174 

1.110 

1.114 

1.414 

1.411 

1.174 

1.110 

1.114 

.1202 

.4011 

1.1041 

1.1100 

4.1701 

221.01 

247.12 

210.14 

241.42 

200.42 

211.41 

244.10 

277.11 

201.04 

241.14 

2.020 

1.247 

7.001 

10.414 

22.412 

COFPOSITION  SHIFTING  IMOL/lOO  GHI 


.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

•oooo 

.0000 

.0000 

.0000 

.0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0004 

.0121 

.0600 

.0400 

.0462 

2.1110 

2.4041 

2.3005 

2.2110 

1.4111 

.1214 

.4426 

•  5210 

.1777 

.7144 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

•0000 

.0000 

.0000 

.0000 

.0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

•0000 
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253.3 

13.2 

0.259 

109.9 

1.160 

7.996 

(l.04( 

14 

949 

1024.9 

-1C2.25 

UI09 

255.3 

15.2 

1.307 

269.3 

294.1 

276.3 

277.5 

665 

1.574 

•WT- 


0 


i 

"W 

1 

T* 

I 

i 


PRESSUII6  PftSPtLE  DATA 

SVSTEP  LICUIO  81PR0PELLANT  PC  1000*  PSIA 


COMPOKENT 

TRIP  FORMULA 

density 

HEAT  FORM 

WT«  0/0 

OEC  K 

CM/CC 

(KCAL/FORH.WT. 

1 

LOX 

9C.2  02 

1.14 

-).06 

65* 

RP-L 

290  C«HU959 

o.ao 

-6*92 

35. 

eULK  CENSITY  •  .992  6M/CC 

PIXTUPE  PATIO  «  1*6S7  LB  OXIOUER  /  LB  OF  FUEL 


PRESSURE  PROFILE  DATA 


CHAMBER 

ENTROPY 

286.27 

EU/IOOGNS 

CHANBER 

THROAT 

FR02EN 

EXPANSION 

PRESSURE!  PStA 

lOCO 

398.1 

198.3 

63.10 

23.12 

14.70 

10.00 

3.981 

1.589 

.631 

.251 

.100 

556.6 

TERPi  OEC  K 

3126.8 

2614.2 

2176.5 

1802.3 

1483*2 

1319.4 

1210.9 

980.0 

783.8 

624.4 

692.1 

5(5.7 

27(9.6 

ENTHALPY  I-) 

23.38 

49.77 

71.62 

89.78 

104.76 

112.21 

117.03 

127.03 

139.08 

141.51 

166.59 

150.56 

60.  aa 

■- 

CP 

.3139 

.3091 

.4924 

.4773 

•  4609 

.4493 

.4416 

.4229 

•  4096 

•  3904 

.57(9 

.5706 

.5095 

INPUL  OPT 

130.93 

204.43 

239.97 

263.79 

277.67 

289.19 

300.00 

311.49 

320.29 

527.  15 

552.59 

122.69 

INPLL  VAC 

223.73 

290.42 

272.41 

289.86 

298*20 

303.49 

314.11 

322.34 

328.71 

555.65 

557.60 

220.(9 

EPSILON 

1.061 

1.638 

2.903 

3.418 

7.883 

10*336 

20.010 

38.820 

79.341 

166.052 

2(2.950 

1.000 

SHIFTING  EXPANSION 

PRESSURE#  PSIA 

lOCO 

398.1 

198.5 

63.10 

2S.U 

14.70 

10.00 

3.981 

1.989 

•  631 

.251 

.100 

559.7 

TEMP*  OEG  K 

3126.8 

2686.6 

2272.0 

1901.3 

ISEN.O 

1423. • 

1319.2 

1102.9 

931.1 

816.9 

767.6 

726.2 

2(67.1 

ENTHALPY  (-} 

23.58 

30.06 

72.33 

91.40 

101.14 

115.06 

120.25 

131.19 

140.36 

148.19 

155. 1( 

161.66 

60.76 

X  BAR 

4.996 

4.963 

4.932 

4.949 

4.«4« 

4.944 

4.949 

4.949 

4.944 

4.892 

6.775 

6.660 

6.976 

N 

4.996 

4.963 

4.932 

4.949 

4.«4. 

4.949 

4.949 

4.949 

4.944 

4.892 

6.6(5 

6.(92 

6.976 

CP 

.6970 

•  9872 

•  9234 

.3007 

.4441 

.4954 

.49(1 

•  3162 

.9862 

1.2299 

6.721( 

6.5976 

.6222 

IMPLL  OPT 

131.77 

206.39 

242.89 

244.S1 

2(2.11 

290.00 

303.96 

318.74 

329.29 

551.55 

566.55 

122.25 

INPLL  VAC 

227.73 

293.49 

276.39 

294.TS 

303.70 

309.46 

321.38 

331.23 

339.74 

567.72 

555.02 

222.59 

.  • 

EPSILON 

1.C67 

1.663 

2.967 

S.S4S 

(.213 

10.(79 

21.633 

44.039 

92,962 

206.591 

675.150 

1.000 

CONPOSITION  SHIFTING  INOL/tOO  CN) 

I7a«89  C 

•  OCCO 

.0000 

•  OCOO 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

U2.00  C«H 

•  OOCO 

.0000 

•  ocoo 

.0000 

•0000 

•  0000 

•  0000 

•  0000 

.0000 

•  0000 

.0000 

.0000 

.0000 

-2.90  C*H«C 

.0010 

•  0004 

•ocoi 

.0000 

•0000 

•  0000 

•  0000 

•  0000 

•  0000 

.0000 

.0000 

.0000 

.0005 

67*00  C*H2 

•  OOCO 

•  0000 

•  OCOO 

.0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

•0000 

.0000 

.0000 

.0000 

-27.70  C#H2«0 

•  OCCO 

•  0000 

•ocoo 

.0000 

•OOCO 

•  0000 

•  0000 

•  0000 

.0000 

•  0000 

.0000 

.0000 

.0000 

31.94  C*H3 

•  OOCO 

.0000 

.OCOO 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

.0000 

•  0000 

.0000 

.0000 

.0000 

• 

-IT. 89  C«H4 

•  OOCO 

•  0000 

•  OCOO 

•  0000 

•0000 

•  0000 

•  0000 

•  0001 

•  0023 

.0283 

.0551 

.02(2 

.0000 

-26.42  C*0 

2.1933 

2.1701 

2.1324 

2.0734 

1.9919 

1*9281 

1.8747 

1.7195 

1.9328 

1.3309 

1.0(90 

.(552 

2.1(06 

-94.03  C«a2 

•  3073 

•  3334 

.3713 

•  4284 

.3119 

.9797 

•6292 

•  7842 

.9687 

1.1446 

1.2756 

1.5(60 

.5229 

-  . 

199.00  C2 

.OOCO 

•  0000 

•  OCOO 

•  0000 

•0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

.0000 

.0000 

.0000 

U2.10  C2«H 

•  OOCO 

•  0000 

•ocoo 

•  0000 

.0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

.0000 

.0000 

.0000 

34.19  C2»H2 

•  OCCO 

•  0000 

•ocoo 

•  0000 

•0000 

•  0000 

•  0000 

•  0000 

.0000 

•  0000 

.0000 

.0000 

.0000 

12.90  C2«H4 

•  OCCO 

•oooo 

•  ocoo 

•  0000 

.0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

.0000 

.0000 

.0000 

189.70  C3 

•  OOCO 

•  0000 

•ocoo 

•  0000 

•0000 

•0000 

•  0000 

•  0000 

•  0000 

•  0000 

.0000 

.0000 

.0000 

242.30  C4 

•  OOCO 

•  0000 

•ocoo 

•  0000 

•0000 

•  0000 

•  0000 

•  0000 

•  0000 

•oooo 

.0000 

.0000 

.0000 

•  • 

32.10  H 

•  0671 

•  0293 

•  0C63 

•  0010 

•  0001 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

.0000 

.0000 

.0579 

9.33  H«0 

•  0266 

•  0067 

•ocio 

•  0001 

•0000 

•  0000 

•  0000 

•  0000 

•  0000 

•oooo 

.0000 

.0000 

.0116 

•  00  F2 

1.1744 

1.2104 

1.2348 

1.3143 

1.3982 

1.4620 

1.9194 

1.6702 

1.8483 

1.9460 

1.9526 

1.9572 

1.1965 

* 

-37.80  H2«a 

1.2232 

1.2184 

1.1864 

1.1302 

1.0467 

•  9830 

•  9299 

•  7746 

•  9922 

•  4423 

.6259 

.6515 

1.2256 

39.36  C 

•  00C9 

•  0001 

•ocoo 

•  0000 

•0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  OOOO 

.0000 

.OOOO 

.0002 

•  00  02 

•  00C4 

•  0000 

•  ocoo 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

•oooo 

.0000 

.0000 

.0001 

•00  C/C 

•  OOCO 

•  0000 

•ocoo 

•  0000 

•0000 

•  0000 

•  0000 

•  0000 

•  0000 

•OOOO 

.1079 

.2526 

.0000 

-348- 

-t 
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NT.  0/fl 


SVSTIN  IKUID  IlfffffMiiANi  K  1000.  OSU 
COMOktNT  IMO  DINIjrv  HfAT  fottf 

OIC  K  CH/CC  UCAL/P0«N.hT.> 

LOI  06. »  6>  I.U  -l.Ol  09. 

0»«1  HI  C*H1»49I  0.10  -0.1}  )9. 

Pieilit  (■OANSION 


C 

9166  • 

9644.1 

Pf/9fC 

fP&ilOH 

PC/T 

6116 

TfNP 

CP  (61/  1  OP? 

0CIV6C 

ceLV6c 

1  9(6 

1  61 

1  61 

1  66C 

CP  9f6 

CP  w6C 

CiC  R  6C61./I00&r 

GH  CM 

/p 

LVI. 

10000 

9COOO 

IVL 

l.OCO  ICOO.COO 

1126.6 

>21.96 

.916 

l.OOO 

1.1(4  9 

4,411 

2769.4 

-40. •• 

.904 

122.7 

96.2 

.177 

216.) 

214.1 

220.6 

220.4 

1.2)2 

1.247 

2.000 

9.6S9  1 

9,26} 

2026.7 

•16.96 

.467 

220.1 

>««1 

•  )7) 

29). 1 

299.4 

296.9 

294.2 

1.6)2 

1.46) 

1.000 

16.724 

9.  19} 

1711.7 

>90.67 

.477 

241.6 

>1.4 

.9)9 

269.6 

266.0 

272.6 

271.9 

1.900 

1.944 

0.000 

2*. 217 

I.C42 

1629.1 

-91,97 

.464 

294.9 

27.6 

.729 

211. 4 

214.6 

260.6 

262.1 

1.9)2 

1.992 

0.000 

19.191 

1.660 

1920.4 

-IC1.C4 

.46) 

262.9 

29.0 

.646 

214.7 

276.7 

266.4 

261.4 

1.991 

1.629 

0.000 

46.211 

1.6)0 

1416.6 

-tC6.l9 

.497 

269.2 

2).0 

1.046 

216.6 

261.1 

240.6 

242.) 

1.962 

1.690 

T.OOO 

97.649 

1.141 

1169.4 

-IC9.96 

.49) 

2  74.1 

21.6 

1.244 

277.6 

262.4 

241,6 

249,1 

1.966 

1.664 

0.000 

69.4T9 

4.191 

1)19.4 

•112.46 

.444 

270.1 

20.6 

1.417 

26).4 

246.1 

246.9 

1.669 

9.000 

12.1)4 

2.169 

1269.1 

-114.61 

.446 

261.4 

19.4 

1.996 

266.4 

246.1 

IOC. 6 

1.646 

to. 000 

99.2)1 

0.496 

1226.4 

-116.49 

.441 

264.2 

16.6 

1.7?) 

264.6 

244.6 

102.6 

1.710 

11.000 

1(9.069 

9,  169 

llll.O 

-111. 06 

.440 

266.7 

17.4 

1.992 

ICl.  1 

104.6 

1.720 

12.000 

121.612 

6.(69 

1199.4 

-119.46 

.4)7 

261. 1 

17.) 

2.1U 

102.9 

>06.1 

1.726 

11.000 

111.71) 

1.209 

1126.4 

-120. 7$ 

.419 

290.7 

16.7 

2.921 

101.9 

>07.9 

1.7)6 

14.000 

194.217 

6.464 

1100.0 

-121.90 

.4)1 

242.9 

14.2 

2.909 

>:4.4 

>06.1 

1.74) 

19.000 

1  )0>0 12 

9.661 

1019.9 

-122.44 

.4)1 

294.0 

19.6 

2.667 

)Cj.2 

>04.6 

1.744 

10.000 

166.010 

9.314 

1091.1 

-121. *4 

.424 

249.4 

19.4 

2.666 

109.4 

>10.0 

l./>9 

17.000 

2(2. 2*1 

4.944 

10)1.1 

-124.77 

.427 

246.7 

19.0 

9.042 

106.9 

111.7 

1.760 

11.000 

216.9(0 

4.977 

1014.4 

-129.96 

.426 

247.4 

14.7 

9.211 

90  7. 1 

912.6 

1.169 

19.000 

214, ))2 

4.219 

994.1 

-)24.)1 

.424 

244.0 

14.4 

1.960 

icr.6 

111.4 

1.164 

.:''.ooo 

211.010 

1.964 

960.2 

-127.01 

.42) 

)00.0 

14.1 

9.94) 

106.1 

114.1 

1.11) 

21.000 

269.196 

1.104 

444.6 

-121.66 

.422 

100.4 

1).6 

9.792 

106.4 

114.6 

1.111 

22.000 

2(6.191 

3.461 

990.0 

-126. 10 

.420 

)01.9 

1>.6 

9.421 

1C6.7 

>19.4 

1.761 

21.000 

lCf.9!) 

1.241 

9)6.2 

-126.66 

.414 

)02.7 

19.4 

4.114 

1(4.0 

>16.0 

1.164 

24.000 

121.617 

1.(12 

921.1 

-124.41 

.416 

)0).4 

19.1 

4.904 

>04.2 

116.6 

I.T6T 

21.000 

147.191 

2.611 

910.  1 

-124.44 

.417 

)04.2 

12.4 

4.444 

104.1 

)17.1 

1.74C 

26.000 

161.1)1 

2.119 

199.0 

-110.4) 

.416 

)04.4 

12.7 

4.661 

104,6 

111.6 

1.74) 

21.000 

166.140 

2.116 

661.6 

-1 10.40 

.419 

)09.6 

12.9 

4.670 

1C4.6 

116.1 

1.146 

21.000 

4(6.610 

2,441 

671.1 

•1*1.14 

.414 

>06.2 

12.4 

9.099 

104.4 

>16.6 

1.146 

29.000 

429.26 1 

2.110 

666.9 

-1*1.16 

.41) 

>06.6 

12.2 

9.296 

no.o 

114.0 

1.601 

10.000 

449.4>fl 

2.221 

691.1 

-1*2.17 

.412 

>07.4 

12.0 

9.416 

110.2 

>14.4 

I.IOl 

Jl.OOO 

4)0.641 

2.121 

•41.6 

-112.99 

.411 

907.4 

11.4 

9.946 

110.2 

114.6 

1.609 

12.000 

491.111 

2. (11 

•  11.6 

•112.42 

.410 

>00.4 

11.7 

9.771 

110. 1 

920.2 

1.607 

11.000 

912.0*1 

1.91) 

•  10. 1 

-1  *1.27 

.410 

306.4 

11.6 

9.442 

110.4 

920.9 

1 .610 

14.000 

112.661 

1.611 

■  21.6 

-111. 61 

.404 

904.4 

11.9 

6.111 

»10.4 

920.4 

1.611 

ll.OOO 

111.211 

1.606 

611.1 

-ID.  44 

.4C6 

)04.4 

11.1 

6.216 

110.9 

121.2 

1.61) 

16.000 

111.112 

1.  141 

4C6.I 

-114.24 

.406 

110.) 

11.2 

4.4)1 

110.9 

121.9 

1.619 

11.000 

994. U2 

1.661 

196.1 

-1 *4.96 

.407 

)1C.7 

11.1 

6.946 

121.6 

1.611 

11.000 

614.192 

1.626 

191.9 

-1 14.69 

.406 

Itl.l 

11.0 

6.  791 

122.1 

1.616 

19.000 

619.2:2 

1.^14 

764.6 

-119.1) 

.4C6 

*111.9 

10.4 

6.410 

122.4 

1.620 

40.000 

619.096 

1.117 

111.6 

-119.40 

.409 

111.4 

lO.t 

7.100 

122.7 

1.622 

41.000 

6tl.2t1 

1.464 

m.i 

•119.67 

.404 

>12.) 

10.7 

7.264 

122.4 

1.621 

42.000 

1(1.661 

l.4|  I 

169.0 

-119.42 

.404 

>12.6 

10.6 

7.460 

121.2 

1.129 

41.000 

ni. 166 

1.  161 

196.6 

-116.  17 

.40) 

lll.O 

10.9 

7.670 

121.4 

1.626 

44.000 

111.2(6 

1.  !2t 

192.4 

-116.41 

.40) 

111.) 

10.4 

7.660 

121.1 

1.621 

41.000 

162.410 

1.2)6 

141.1 

-1 *6.64 

.402 

)l»*4 

10.1 

6.090 

121.4 

1.624 

46.000 

6(1.164 

1.216 

141, 9 

-116.67 

.401 

)l).4 

10.2 

6.240 

124.1 

1.610 

42.000 

ill.lM 

1.200 

116.0 

-117.04 

.401 

>14.2 

10. 1 

6.4)0 

124.4 

1.611 

46.000 

619.016 

1.164 

110.1 

•117. )C 

.400 

)14.9 

10.0 

6.614 

>24.6 

1.6)2 

49.000 

664.949 

l«  1 10 

129.6 

-117.91 

.400 

>14.6 

10. 0 

6.606 

>26.6 

1.614 

10.000 

910.990 

I.C96 

120.9 

•117.71 

.144 

919. 1 

4.4 

6.446 

>29.0 

1.6)9 

7. Ml 

66.046 

4.696 

1119.4 

-U2.21 

.444 

277.7 

20.9 

1.  941 

277,7 

211.4 

249.1 

246.2 

1.966 

1.66) 

S»|PT||,C  fIVOlilOl* 


C 

9166  • 

9794.1 

Pt/9IC 

CP9U0N 

/(/• 

P  P9<6 

rop 

<M(6iPV 

CP  CU/  i  Opi 

C(iW6C 

CCiviC 

1  9(1 

1  61 

1  61 

1  v6C 

CP  3(6  CP  V6C 

C(0  •  «(6t/t000* 

Oa  CIO 

/P 

loeoo 

9(000 

kVk 

1 .0(0  1( 

c.coo 

1126.6 

•21.96 

.641 

1.000 

1.161  9 

4.ni 

2647.1 

•40. 16 

.622 

122.3 

too.t 

.174 

214.* 

220.6 

222*1 

222.4 

1.243  1.276 

2.00C 

4.164  1 

4.(69 

2117.6 

-14.92 

.913 

221.1 

40.1 

.373 

294.4 

296.0 

261.2 

261.4 

I.6D  1.444 

1.000 

16.114 

1.961 

1649.1 

-91.11 

241.4 

>3.3 

.931 

266.4 

271.2 

219,6 

216.6 

1.90  1.941 

4.000 

29.294 

4.916 

1742.1 

-94,33 

296.1 

24.0 

.732 

279.0 

276.2 

214.9 

269.1 

1.9)1  1.941 

9.000 

>4.922 

6.961 

16)4.1 

-1(4.64 

269.6 

24.3 

.4M 

276.9 

262.6 

240.) 

241.4 

1.397  1.431 

6.0CO 

44.090 

2.101 

1991.0 

-IC6.61 

212.1 

24.4 

1.0  76 

260.7 

269.4 

244.7 

246.9 

1.944  1.431 

7.000 

94.1«| 

6.161 

1467.6 

•Ut.4C 

211.2 

23.0 

1.297 

261.7 

267.2 

246.0 

100.1 

1.914  1.416 

0.000 

*9.6(1 

9.224 

1414.0 

-114.49 

201.) 

2A>6 

1.4)2 

212.1 

266.4 

100.7 

101.1 

1.9TT  1.444 

4.000 

11.2(0 

2.940 

l)6l.6 

-116.61 

244.6 

20.4 

1.612 

264.1 

102.4 

>09.6 

1.101 

10.000 

64.266 

1.200 

1)44.9 

‘116.19 

261.1 

20.1 

1.742 

264.4 

)C4,7 

)0*.6 

1.720 

11.000 

ICI.999 

4.(41 

1)19.1 

-120.49 

240.) 

14.4 

1.464 

106.  ) 

104.1 

1.131 

12.000 

1 14. 624 

1.124 

I249.0 

-121.46 

242.9 

10.6 

2.194 

101. T 

III.) 

1.140 

ll.OOO 

126.1  10 

1.(09 

1296.0 

-111.31 

244.6 

10.1 

2.141 

)e6.6 

112.6 

1.144 

14.000 

141.411 

1.C4* 

12)1.1 

-124.9) 

246.4 

17.6 

2.926 

>04.6 

114.2 

1.794 

19.000 

196.0(6 

6.4g« 

1211.6 

-129.69 

246. € 

17.4 

2.714 

110. 7 

119.4 

1.  741 

16.000 

110.1!) 

9.(11 

1191.4 

-W6.6T 

244.9 

17.0 

2.646 

111.1 

116.9 

1.T44 

17.000 

1(4.691 

9.414 

1112.4 

-127.61 

lOC.t 

14.7 

3.060 

112.) 

>11.9 

1.779 

11.000 

144.092 

9.(21 

1149.6 

-12I.40 

302.1 

14.4 

3.236 

312.4 

>16.9 

1.760 

14.000 

2I).4() 

4.669 

1140.0 

-124.24 

303.2 

14.1 

1.432 

>11.9 

614.) 

1.761 

20.000 

221.161 

4.140 

1129.2 

-110.04 

304.) 

19.0 

3.602 

)14.0 

120.1 

1.164 

21.000 

241. 4IJ 

4.1)1 

1111.4 

-110.79 

>09.) 

19.4 

3.  766 

)14.9 

120.4 

1.744 

22.000 

296.621 

1.(44 

1046.4 

-111.41 

306.) 

19.3 

3.441 

114.4 

121.6 

1.741 

21.000 

213.246 

1.660 

1066.2 

-112.04 

307.2 

19.1 

4.1)1 

>19.) 

>22.) 

1.602 

24.000 

214.429 

1.444 

1074.6 

-112.64 

106.0 

14.4 

4.)21 

)I9.6 

122.4 

1.609 

29.000 

)C6,020 

1.294 

1061.7 

-111.20 

100.6 

14.1 

4.92) 

)I9.6 

121.6 

1.106 

26.000 

)2).4Cl 

1.C61 

1091.) 

-111.  14 

304.6 

14.4 

4,719 

116,1 

124.1 

1,612 

27.000 

341.1*2 

2.4)1 

1041.9 

•l!4.29 

)10.3 

14.4 

4.406 

616.) 

>24.7 

1.619 

20.000 

996.416 

2.740 

1014.2 

-114,7) 

311.0 

14.2 

9.100 

tl6.9 

129.2 

1.616 

24.000 

919.4(8 

2.660 

1029,4 

-1)9.20 

311.6 

14.1 

9.241 

)16«7 

>29.7 

1.620 

>0*000 

19). 1(4 

2.942 

1017,0 

-I  !9«64 

>12.2 

13.4 

9.461 

)I4.6 

>26.2 

1.023 

11.000 

410. 690 

2.4)4 

1004.0 

-1!6.0? 

312.6 

13.4 

9.664 

IIT.O 

126.4 

1.024 

12.000 

426.91) 

2.  >34 

1001.4 

-l!6.47 

3I).4 

13.7 

9.699 

)I7.1 

>27.1 

1.I2I 

11.000 

449.642 

2.241 

444.1 

-116.16 

>13.4 

1).9 

6.0)4 

)I7.2 

127.9 

1.430 

14.U00 

461.242 

2. 194 

417.1 

-1*7.24 

>14.9 

13.4 

6.220 

111.) 

127.4 

1.431 

14.000 

4(0.961 

2.C61 

460.9 

•117.60 

319.0 

11.) 

4.346 

>17.4 

)26.) 

1.419 

16.000 

441.716 

2.C04 

414.1 

-1)7.49 

319.4 

1).2 

4.974 

>17.4 

>21.4 

1.4)7 

17.000 

914.611 

1.942 

466.0 

•116.24 

319.4 

13.1 

4.747 

>17.9 

>24.0 

1.434 

ll.OOO 

9)1.14) 

1.160 

462,1 

-1 >0.61 

>14.3 

11.0 

4.417 

>17.9 

>24.) 

1.161 

14.000 

946.663 

I.I2I 

446.9 

-1M.4) 

>14.0 

12*4 

1.064 

117.6 

>24.7 

1.16) 

40.000 

969.324 

1.  164 

441.0 

•1!4,2) 

117.2 

12.0 

7.246 

117.6 

3)0.0 

1.449 

41.000 

961.612 

1.719 

469.6 

- 1 74. 92 

317.6 

12.7 

7.406 

>17.7 

3)0.1 

1.644 

42.000 

946.1(6 

1.672 

440.6 

-114.61 

310.0 

12.6 

T.944 

1)0.4 

1.444 

41.000 

614.919 

1.626 

416.0 

•140.04 

111.4 

12.6 

7,721 

1)0.4 

1.490 

44*000 

6)0. Ill 

1.466 

4)1.) 

•140.19 

310.7 

12.9 

7.67) 

1)1.2 

1.491 

49.000 

644.961 

1.9)4 

426.9 

-140.61 

))4.| 

12.4 

0.044 

1)1.9 

1.49) 

46.000 

664. 1C9 

1.449 

422.6 

-140.67 

)t4.4 

12.) 

0.296 

3)1*0 

1.194 

67.000 

611.796 

1.692 

4II.9 

-141,11 

314.6 

12.3 

4.492 

1)2.0 

1.494 

4I.OOO 

7(6.921 

1.411 

414.4 

-141.39 

>20.1 

12.2 

0.447 

3)2.) 

1.497 

44.000 

T2I.)99 

1.37) 

910.7 

-141.90 

120.4 

12.1 

•  ••41 

3)2.9 

1.494 

90.000 

146. )66 

l.))6 

407.0 

-14l.il 

>20.7 

K.l 

4. OH 

»2.l 

1.440 

0.21) 

61.046 

14.646 

1423.6 

-119.06 

.449 

202.1 

21.4 

1.444 

262.1 

211.4 

)ei.2 

30). 

1.977  I.44I 

*H9- 


T 

f 


T 

I 


PKESSUftE  PPOflLE  DATA 

SYSTEM  LICUID  BIPMOPELLANT  PC  IOOO«  PSIA 


COMPONENT 

TREE  FORMULA 

DENSITY 

HEAT  FORM 

NT 

OEG  K 

GM/CC 

ucal/form.ht. 

1 

LOX 

90.2  02 

i.u 

-3.0B 

6S 

RP-l 

29B  CAHt.9B3 

0*00 

-6*92 

32 

BULK  DENSITY  •  UOOA  6N/CC 

MIXTURE  RATIO  •  2.US  LB  OXIDIZER  /  LB  OF  FUEL 


1 

T 

1 


PRESSUKE  PRSFILE  DRIR 
CHAMBER  ENTRePY  2T9.7A  EU/IOOGMS 


CHAMBER 


THROAT 


T 

1 


FKOZEN  EXPANSION 


PRESSURE!  PSIA 

lOCO 

398.1 

198.9 

63.10 

29.12 

14.70 

10.00 

3.961 

I.S89 

•  631 

•  251 

•  100 

SST.l 

-• 

T6MP«  OEG  K 

9440.0 

2900.8 

2437.7 

2C39.8 

1697.7 

1921.3 

1404.0 

1191.9 

936*8 

794*9 

602*8 

477.2 

9068.1 

ENTHALPY  (-} 

22.39 

49.30 

71.96 

90.97 

106.83 

114.79 

119.99 

130.63 

139.69 

146.87 

192.62 

197*20 

60.01 

CP 

.9039 

.4942 

•  4836 

•  4711 

•  4999 

.4469 

•4391 

.4206 

.4029 

•  3857 

•  3708 

•  3590 

.69T9 

IMPUL  OPT 

193.03 

207.67 

244.26 

271.04 

283.93 

291.39 

30T.19 

319.46 

329.08 

336*60 

342.47 

123.62 

IMPUL  VAC 

229.20 

294.84 

277.81 

296.21 

309.09 

310.79 

322.22 

331.24 

338.30 

343.79 

348.07 

226.06 

EPSILON 

1.064 

1.694 

2.996 

9.970 

8.196 

10.763 

21.042 

41.332 

81.209 

199.246 

311.262 

1.000 

SHIFTING  EXPANSION 

PRESSUREi  PSIA 

loco 

398.1 

198.9 

63.10 

2S.I2 

U.TO 

10.00 

3.961 

1.SB9 

•  631 

•  251 

•  100 

960.3 

TEMP*  OEG  K 

3440.0 

3094.3 

2668.3 

2289.0 

19TS.S 

1T9S.1 

1633. 1 

13T4.4 

U99.8 

984*8 

843*6 

737*8 

9202.9 

ENTHALPY  I-) 

22.39 

49.81 

73.72 

94.28 

tU.TB 

120. AT 

126.93 

136.96 

149.42 

198.28 

169.82 

172*33 

99.69 

X  BAR 

4.648 

4.984 

4.946 

4.930 

A.S26 

A. 929 

4.929 

4.929 

4.S29 

4*929 

4.924 

4.903 

6.606 

N 

4.648 

4.984 

4.946 

4.930 

A.S26 

A.929 

4.929 

4.929 

4.S29 

4.929 

4.924 

4.903 

6.606 

CP 

«99C3 

•  7989 

.6C71 

•  9227 

.AB4I 

.AB19 

.4600 

.4620 

•  4992 

•  9191 

•  9996 

•  8824 

.6909 

IMPUL  OPT 

194.47 

211.31 

290.10 

2TB.BA 

292.41 

901.00 

316.49 

332.44 

343.83 

393.29 

361.17 

122.99 

IMPUL  VAC 

292.83 

260.94 

289.94 

30A.0T 

319.69 

322.23 

339.33 

346.08 

399.03 

362.99 

369.13 

226.62 

EPSILON 

1.079 

1.710 

3.102 

9.913 

B.T24 

11.966 

23.196 

47.014 

96.999 

203.027 

434.219 

1.000 

•  • 

COMPOSITION  SHIFTING  (MOl/lOO  GMl 

170.09  C 

•ooco 

•  0000 

•  OCOO 

•  0000 

•0000 

•0000 

.0000 

.0000 

•  OOCO 

•  0000 

•  0000 

•  0000 

.0000 

IA2.00  C«H 

•ooco 

•  0000 

.ocoo 

.0000 

•  0000 

•  0000 

•  0000 

•  0000 

.0000 

•  0000 

•  0000 

•0000 

.0000 

-2.90  C*H«C 

.0010 

.0004 

.0C02 

.0000 

•  OOCO 

•  0000 

.0000 

•  0000 

•  0000 

•0000 

•  0000 

•  0000 

.0006 

A7.00  C«H2 

•occo 

•ocoo 

.ocoo 

.0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

.0000 

*  *• 

-27.70  C*H2«0 

•ooco 

.0000 

.ocoo 

•  0000 

•  0000 

.0000 

•  0000 

•  0000 

.0000 

•  0000 

•  0000 

•  0000 

.0000 

3I.9A  C«H3 

•ooco 

•  0000 

.ocoo 

•  0000 

•0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

.0000 

-17.B9  C*H4 

•ooco 

.0000 

•ocoo 

.0000 

•0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0009 

•  0108 

.0000 

-26.42  C*0 

1.8491 

1.8129 

1.7814 

1.7418 

1.6648 

1.6413 

1.6043 

1.4944 

1.3914 

U1777 

•  9836 

.7885 

1.6269 

•94.0S  C*02 

•  4431 

.4799 

.9C77 

.9473 

.6044 

•6480 

•6849 

•  7948 

•  9378 

I.U19 

1.3091 

1*4899 

.669T 

199.00  C2 

•ooco 

•ocoo 

•ocoo 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

.0000 

•  0000 

•  OOCO 

•  0000 

.0000 

112.10  C2«H 

•ooco 

•  0000 

.ocoo 

.0000 

.0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

.0000 

S4.19  C2bH2 

•ooco 

•  0000 

.ocoo 

.0000 

.0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

•0000 

.0000 

12.S0  C2«H4 

•ooco 

•  0000 

•ocoo 

•  0000 

.0000 

.0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

.0000 

.0000 

109.70  C3 

•ooco 

.0000 

•ocoo 

•  0000 

•  0000 

.0000 

.0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

.0000 

242.30  C4 

•ooco 

.0000 

•ocoo 

.0000 

.0000 

•  0000 

•  0000 

•  0000 

•  0000 

•0000 

•  0000 

•  0000 

.0000 

92.10  H 

•  1146 

•  0698 

•  0287 

.0089 

•0016 

•  0009 

•  0002 

•  0000 

•  0000 

•  0000 

•0000 

•0000 

.0S9T 

9.33  H«0 

•  1019 

.0496 

•  0137 

.0024 

.0002 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

.0666 

•00  H2 

•  7334 

•  7463 

•  7799 

•  8189 

.8783 

•  9223 

•  9999 

U0694 

1.2124 

1.3860 

1.9783 

1.7323 

.T996 

-97.60  H2*0 

1.3934 

1.4332 

1.4386 

1.4110 

1.3962 

1.3126 

1.2798 

1.1660 

1.0230 

•  8493 

•6962 

•  4816 

1.6216 

99.96  0 

•  0091 

•  0024 

•  0C09 

•  0000 

•0000 

•  0000 

.0000 

•  0000 

•  0000 

•  0000 

•  0000 

•0000 

.0069 

.00  02 

•  GOES 

•  0018 

•  0C02 

•  0000 

.0000 

•  0000 

•  0000 

•  0000 

•oooo 

•  0000 

•  0000 

•0000 

.0099 

-  ,* 

•250- 


SVSTCI)  lUulD  IIMtHllANt  K  1000.  Ml* 

COMOONIMf  1M0  rMNUiA  DCNSIT*  NEM  HT.  0/0 

OiC  *  6M/C:  IKCftL/FOOH.lfT.I 

LOl  OC.f  92  1.14  •1.00  11. 

iSff  O.to  <{..12  12. 

^•OltH  II04N010N 


C 

SI**  • 

5242.4 

M/5(C 

•  C/1 

•  Mi* 

lEMI 

UT»-*l(V 

C*  CAL/  t  OM 

OtiVAC 

CELVAC 

1  SEA 

1  AT 

1  At 

1  VAC 

C(  StA 

C(  VAC 

OiC  K  ■C*l/|006* 

0(6 

/• 

iH 

10000 

5COOO 

LVL 

I.OCO 

ICOO.COO 

1440.0 

-22.14 

.501 

l.OOO 

1.244 

557. C41 

1044.1 

-40.01 

.44* 

121.4 

100.2 

.140 

221.* 

222.2 

221.7 

224.0 

1.2)1 

1.295 

2.000 

4.244 

107,529 

2244.0 

-24,1* 

•  424 

222.4 

40.* 

.120 

297.* 

259.4 

2*2.4 

2*1.9 

1.9)9 

1.9*9 

1.000 

14.22* 

*1.121 

2010.4 

-41.1* 

•  421 

244.0 

11.1 

.190 

270.4 

222.4 

222.9 

224.) 

1.501 

1.597 

4.000 

21.414 

14.144 

14*7.0 

-44.05 

.4*4 

240.1 

29.0 

.2)4 

224.1 

225.2 

2*4.0 

242.) 

1.5)7 

1.557 

S.OOO 

>4.411 

24. Ill 

1)51.0 

-1C4.40 

.45* 

2*2.1 

2*.l 

.512 

240.0 

249.1 

241.4 

241.9 

1.557 

1.411 

4.000 

44.130 

22.554 

19«I.I 

-tC|.42 

•  454 

224.7 

24.4 

1.042 

242.2 

244.4 

254.2 

244.1 

1.594 

1.457 

l.OOO 

14.111 

14.112 

1514.7 

-111.22 

•  450 

220.* 

22.9 

1.2*4 

241.1 

2(4.2 

255.5 

101.1 

1.579 

1.477 

0.000 

44.2(1 

15. C4* 

1524.4 

-114.41 

•  447 

202.4 

21.2 

1.490 

24). 5 

244.4 

102.2 

109.2 

1.574 

1.459 

4.000 

11.144 

12.147 

1471.4 

’tl*.*4 

•  444 

20*. 4 

20.2 

l.*21 

240.5 

10*.* 

107.2 

t.TOI 

10.000 

40,444 

11.(5* 

14)4.2 

-1)4.** 

.441 

244.4 

19.9 

1.401 

240.4 

104.2 

104.) 

1.115 

u.ooo 

iei.124 

4,(97 

1145.1 

-120.1* 

.4)4 

242.0 

19.2 

1.540 

102.4 

111.2 

1.7)0 

12.000 

114.440 

4.571 

1140.1 

-121.91 

.454 

244.2 

1*.« 

2.1*4 

)C5.I 

112.1 

1./19 

11.000 

130,431 

7,(55 

1)24.* 

-121.24 

.4)4 

244.) 

U.O 

2.154 

no.) 

>19.) 

1,797 

14.000 

141.022 

4.(45 

1)00.0 

-124.52 

.4)2 

240.1 

12.5 

2.591 

111.1 

115.4 

1.759 

14.000 

114.730 

*.2*1 

1271.4 

-125.44 

.4)0 

244.2 

12.1 

2.227 

112.1 

114. 4 

1.7*1 

14.000 

114.444 

5.725 

1244.1 

•124.44 

.424 

101.2 

14.2 

2.511 

112.9 

)U.5 

1.7*7 

w.ooo 

114,211 

5.270 

1227.5 

-122.*) 

.427 

102.4 

l*.l 

1.051 

111.* 

114.5 

1.T71 

10. 000 

2C4.431 

4.(40 

1204.4 

-124.51 

.425 

10). ( 

1*.0 

1.270 

119.2 

115.4 

1.774 

14.000 

220.112 

4.542 

1147.4 

•129.15 

.424 

104.0 

15.* 

1.9*4 

119.4 

120.7 

1.742 

20.000 

231.144 

4.249 

1144.5 

•1)0.09 

.422 

10*.  1 

15.4 

).*l) 

115.1 

121.5 

1.747 

21.000 

210.111 

1.191 

1152.4 

•1 30.(0 

.421 

>02.1 

15.1 

1.770 

)15.7 

>22.2 

1.751 

22.000 

247. (Ci 

1.7)4 

11)4.4 

-ni.4* 

.420 

100.1 

14.0 

1.570 

>19.1 

122.9 

1.755 

21.000 

2(1.474 

3.50) 

1121.4 

•132.11 

.41* 

104.0 

14.4 

*.U1 

)19.9 

121.5 

1.755 

24.000 

iei.442 

1.295 

llC7.t 

-1  12.71 

.411 

104. ( 

14.4 

9.157 

119.2 

129.2 

1.402 

24.000 

121.717 

l.lOl 

1041.5 

-13). 24 

.41* 

1IC.( 

14.  1 

*.551 

lll.O 

129.7 

1.105 

24.000 

14C.2C4 

2.1)4 

10(0.4 

•13).il 

.415 

II  1.4 

11.4 

4.7*1 

117.2 

125.) 

1.404 

21.000 

IK. Ill 

2.71* 

1044.2 

-134.)) 

.414 

112.1 

11.0 

4.41* 

117.9 

125,1 

I.IU 

20.000 

177.742 

2.447 

1054.5 

-134.(l 

.411 

112.7 

11.4 

5.124 

117.* 

>24.) 

1.419 

24.000 

114,719 

2.521 

1045.2 

•1)5.24 

.412 

114.4 

11.4 

5.115 

M7,7 

129. 4 

1.117 

10.000 

411.710 

2.405 

10)4.4 

-1)5.72 

.411 

114.0 

11.2 

5.501 

117.5 

>27.2 

1.115 

11.000 

414.924 

2.249 

1024.1 

-134.15 

.410 

114. « 

11.1 

5.440 

114.0 

121.7 

1.421 

12.000 

474-.011 

2.202 

lOU.l 

-134.55 

.404 

114.2 

12.4 

5.470 

114.1 

124.1 

1.129 

11.000 

471.270 

2.111 

1004.4 

-134.95 

.409 

115.7 

12.0 

4.050 

114.2 

124.5 

1.124 

14.000 

412.412 

2.C11 

495.4 

-1)7. )2 

.404 

11*. 2 

12.4 

4.221 

)U.2 

)2A.5 

1.424 

44.000 

111.114 

1.955 

4*4.5 

•137.44 

.407 

11*. 7 

12.5 

*.*02 

)l*.l 

)24.2 

1.410 

14.000 

130.410 

l.((5 

477.9 

-IK.O) 

.404 

117.2 

12.4 

9.57) 

)!(.* 

129. » 

1.412 

11.000 

144.434 

1.119 

449.1 

-IK. 17 

.*05 

112.* 

12. 1 

9.7*1 

114.* 

125.9 

1.419 

14.000 

144.114 

1.759 

441.2 

-134.49 

.405 

110.1 

12.1 

9.507 

114.5 

110.2 

1.1)6 

14.000 

1(7.114 

1.702 

454.0 

•139.00 

.404 

11*. 5 

12.0 

7.09* 

1)0.9 

1.4)1 

40.000 

•C4.13* 

1.(50 

444.9 

-U9.)l 

.40) 

11*. 4 

11.4 

7.224 

110.9 

1.415 

41.000 

424.1(1 

(.401 

4)9.2 

-139.4C 

•  40) 

114.1 

11.0 

7.1*4 

1)1. 1 

1.491 

42.000 

441. 1(( 

1.549 

9)2.2 

-1)9.14 

.402 

114.7 

11.2 

7.5*4 

111.* 

1.492 

41.000 

441.411 

1.49* 

925.) 

•U0.)4 

.402 

120.1 

11.4 

7.75* 

llt.l 

UI99 

44.000 

410.024 

1.449 

41(.4 

-1*0.4) 

.*01 

120.5 

11.5 

7.54* 

112.0 

1.195 

41.000 

M2.1T1 

1.40) 

412.2 

-190.44 

.400 

120.0 

11.4 

4.191 

112.2 

1.497 

44.000 

131.124 

1.340 

405.4 

-140.9* 

.400 

121.1 

11.) 

*.))* 

1)2.5 

1.49* 

4f.OOO 

114.244 

1.314 

444.4 

-141.14 

.149 

121.5 

11.2 

4.527 

112.7 

UI50 

44.000 

1(1.11) 

1.2(0 

44). ( 

-1*1.42 

.199 

121.4 

11.2 

1.720 

111.0 

1.451 

44.000 

(C4.4(4 

1.241 

444.0 

-Ut.*5 

.144 

122.1 

11. 1 

4,511 

111.2 

1.452 

40.000 

(2(.l3} 

l.20« 

4(2.) 

•141.14 

.144 

122.4 

lUO 

5.10* 

711.9 

1.451 

1.114 

41.044 

14.944 

1521.) 

-114.79 

.447 

201.5 

21.4 

1.9*2 

211.5 

250.0 

)C2.* 

105.1 

1.574 

1.959 

SfIMIIlC  (••*«SIB4 

C 

5t**  • 

5042*4 

M/5»C 

I»1U0*< 

•C/4 

•  MU 

rim 

(hfUlIV 

C*  CAL/  1  «♦) 

0(LV4C 

CILVAC 

i  5(9 

1  At 

1  AT 

1  VAC 

C(  KA 

C(  VAC 

CEO  «  tUl/tOOC* 

CM  0(0 

/• 

m 

lOOOO 

50000 

LVi 

I.OCO 

ICOO.COO 

3440.0 

-22.19 

.450 

l.OOO 

1.2(0 

541.21) 

1202.4 

-)9.*5 

.*11 

122.5 

104.1 

.141 

221.5 

229.1 

224.1 

229.9 

1.2)7 

1.22) 

2.000 

4.121 

114.451 

2591.4 

•79.94 

.575 

224.) 

44.2 

.124 

292.5 

2*9.4 

2*7.5 

2*4.5 

1.9)4 

1.9*9 

1.000 

11.111 

45.C14 

2104.1 

-9). 32 

.525 

244.5 

14.) 

.55* 

219.9 

279.0 

211.4 

2*9.4 

1.510 

U555 

4.000 

21.41] 

42.04 

2141.4 

-10.44 

.504 

202.7 

11.4 

.192 

2(1.9 

24*.* 

251.1 

19*. » 

1.594 

1.4C5 

4.000 

32.124 

11.124 

2024,2 

-1(7.*! 

.4*4 

222.) 

24.0 

.51) 

212.3 

291.4 

294.4 

)0).* 

1.571 

1.494 

4.000 

40.449 

24.(01 

14)1.5 

•112.1) 

.444 

224.4 

22.0 

U044 

290.1 

295.2 

109.4 

109.5 

1.515 

1.47) 

l.OOO 

10.412 

19.(05 

1(54.2 

•U5.77 

.4*5 

205.0 

25.5 

1.24* 

251.9 

257.) 

104. 1 

110.5 

’..552 

1.4*5 

4.000 

40.519 

14.502 

1294.1 

•114.7* 

.4*1 

204.4 

24.2 

1.*** 

292.2 

251.7 

111.1 

)11.4 

1.559 

1.719 

4.000 

•1.034 

14. Cl* 

1291.2 

•121.14 

24).* 

21.2 

1.994 

294,7 

111.4 

119.9 

1.725 

10.000 

12.015 

12.1*1 

1*95.2 

-U).55 

244.7 

22.4 

l.*)4 

100.2 

>15.4 

>19.0 

1.792 

11.000 

11. K9 

10. Ml 

1*54.2 

-125.50 

244.5 

21.4 

2.017 

100.9 

MT.r 

721.1 

1.751 

12.000 

IC4.92* 

9.511 

1«l(.( 

-121.22 

102.0 

21.0 

2.200 

>14.2 

121.0 

1.74) 

U.OOO 

117.1  19 

*.5)4 

15(4.4 

-I2(.ir 

104.2 

20.4 

2.140 

120.5 

729.9 

1.771 

14.000 

129,70 

1.705 

1557.2 

-130.1* 

10*. 2 

14,4 

2.541 

121.7 

729.1 

1.7(1 

14.900 

142.474 

I.CC9 

15)0.5 

-1  31.4* 

100.0 

14.4 

2.772 

122.7 

127.5 

l.7(( 

14.000 

155.2(1 

4.419 

1504.0 

-132.91 

104.7 

14.0 

2.54) 

121.2 

124.7 

1.755 

U.OOO 

149.044 

5.115 

19(1.4 

-171.71 

111.2 

10.4 

1.151 

>29.5 

>25.5 

1.401 

14.000 

1(2.410 

5.4(2 

14*2.5 

-139,72 

112.4 

10.1 

l.ll? 

125.2 

110.5 

1.407 

14.000 

115.414 

5.101 

144). 0 

-135.45 

111.4 

10.0 

1.520 

>25.4 

1)1.5 

1.412 

20.900 

2C9.224 

4.7*0 

1424.9 

-134. 5) 

115.1 

IT.T 

1.700 

124.5 

>12. 4 

1.417 

21.000 

222.51* 

4.492 

1407, ( 

-137. 15 

11*. 2 

17.4 

1.47* 

122.0 

>>>.7 

1.422 

22.000 

235. 4C7 

4.2)9 

1 )9l.* 

-13(«i2 

117.1 

17.2 

9.041 

127.4 

119.5 

1.124 

21.000 

299.139 

4.C14 

1114.2 

-13*.(5 

110.1 

14.4 

9.215 

>24.0 

115.2 

I.IIO 

24.000 

241.91* 

1.7(4 

11*2.4 

-139,5) 

114.2 

1*.  7 

9.907 

124.9 

115.5 

1.1)9 

24.000 

279.1(0 

1.579 

114(.9 

-190.14 

120.1 

14.5 

9,904 

>2*.* 

1)4.4 

l.lll 

24.000 

294.914 

1.390 

1))*.0 

-190.(1 

121.0 

t*.l 

4.402 

124,1 

1)7.1 

1.192 

21.000 

110.152 

1.211 

1)2).* 

-191.40 

121.4 

)*.l 

5.000 

124.1 

1)7.5 

1.495 

24.000 

32*.*l( 

).C*I 

1112.2 

-141.42 

122.5 

19.4 

5.144 

124.4 

111.* 

1.191 

24.000 

192.754 

2.91( 

llOl.l 

•142.50 

121.1 

15.7 

5.145 

124.4 

115.0 

1.451 

10.000 

154.425 

2.71* 

1290.5 

•t*).02 

124.0 

15.* 

5.541 

110.0 

1)5.5 

1.45* 

11.000 

125. 17T 

2.(*5 

12*0.) 

-191,51 

124.4 

15.4 

5.74* 

1)0.2 

>90.0 

1.457 

12.000 

151.944 

2.554 

1270.5 

-191.44 

125.) 

15.) 

5.4*0 

110.1 

>90.5 

1.455 

11.000 

9CT.t29 

2.952 

12*1.2 

-194.44 

125.4 

15.1 

4.172 

110.5 

191.0 

1.442 

14.000 

424.1  )4 

2.15* 

1252.2 

-194.(4 

124.5 

15.0 

*.)*> 

1)0.4 

191,5 

1.449 

14.000 

490.515 

2.270 

1291.5 

-195.10 

127.0 

14.4 

*.551 

110.7 

191.5 

1.447 

14.000 

95*. 427 

2.1*4 

1215.2 

-195.21 

122.4 

14.7 

4.717 

110.4 

>92.) 

1.445 

ll.OCO 

*11.044 

2.119 

1227.2 

-194.11 

124.1 

14.4 

*.520 

110.4 

>92.7 

1.171 

14.000 

444.244 

2.C94 

1219.4 

-144.44 

124.4 

14.5 

7.101 

lll.O 

19). 1 

1.171 

14.000 

5C5.424 

1,424 

1211.9 

-194.14 

124.1 

14.4 

7.2*0 

1)1.0 

191.5 

1.175 

40.000 

521.47] 

1.414 

1204.7 

-192.21 

124.5 

14.1 

2.*55 

1)1.1 

19). • 

1.477 

41.000 

517.414 

1.1*1 

1147.2 

-192.55 

IM.O 

14.2 

7.421 

111.2 

199.2 

1.475 

42.000 

451.2(1 

1.402 

1140.4 

-192.49 

110.4 

l*.l 

7.744 

1)1.2 

199.5 

1.141 

41.000 

541.442 

1.747 

11(4.1 

-194.21 

110.5 

14.0 

7.4*4 

111.1 

199,4 

1.44) 

44.000 

5(4 .»C7 

1.711 

1127.4 

•19*.  52 

111.1 

11.4 

4.110 

1)1.1 

195.2 

1.445 

44,000 

4<0.1C] 

!.(** 

1171.2 

-19*. *1 

111.7 

11.0 

4.242 

191,9 

1.144 

44.000 

415.410 

1.(19 

11*5.7 

-194,11 

132.1 

11.2 

4.951 

195.4 

1.144 

42.000 

410.714 

1.545 

1194.4 

-194.92 

312.4 

ll.O 

4.404 

194.1 

1.450 

44.000 

494.414 

1.5*1 

1154.2 

-194,20 

112.4 

11.0 

4.404 

194.9 

1.451 

44.000 

447.112 

1.944 

1144.4 

-194.47 

113.2 

11.5 

5.000 

194.* 

1.151 

40.000 

*15.494 

1.99* 

1141.2 

-150.24 

111.5 

11.4 

5.192 

194.4 

1.45* 

4.224 

(4.09* 

14.(4* 

1295.1 

-120.42 

.4*2 

292.4 

21.5 

1.594 

252,9 

244.5 

111.2 

115.4 

1.557 

1.725 

PRESSURE  PROFILE  DATA 

SYSTEP  LICUIO  eiPROPELLANf  PC  1000*  PSU 


COMPONENT 

TREF  FORMULA 

DENSITY 

heat  form 

WT.  0/0 

DEG  X 

GM/CC 

ikcal/forh.wt. 

) 

LOX 

9C.Z  02 

1.14 

-3.08 

7C. 

RP-l 

2BE  C*HU9S3 

O.BO 

-6.92 

iC. 

EULK  CENSITY  •  l.Oll  GH/CC 

PlxruRE  RATIO  •  2.33B  LB  OXIDIZER  /  LB  OF  FUEL 

PRESSURE  profile  DATA 
CPAHBER  ENIROPV  Z74.6B  EU/IOOGMS 

CHAMBER  THROAT 


frozen  expansion 


PRESSURCi 

PSU 

loco 

398.1 

158.5 

63.10 

25.12 

14.70 

10.00 

3.981 

1.585 

.631 

•  251 

.100 

561.8 

TEMP,  DEC 

X 

3S77.6 

3029.7 

2557.7 

2151.0 

1800.3 

1616.9 

1497.9 

1237.5 

1013.9 

623.3 

662.3 

52B.I 

5225.1 

enthalpy  I 

I-) 

2 1 .59 

48.42 

71.12 

90.23 

1C6.28 

114.38 

119.68 

130.76 

139.92 

147.38 

153.41 

158.24 

58.41 

CP 

•  4938 

.A8SS 

.4758 

.4641 

.4505 

.4415 

.4349 

.4174 

.3996 

.3824 

•  3664 

•  3534 

.6886 

IMPUL  OPT 

152.79 

207.57 

244.37 

271.44 

264.11 

292.12 

308.21 

320.85 

330.80 

336.64 

344.78 

122.75 

IMPLL  VAC 

229.02 

254.95 

278.21 

296.94 

306.02 

311.63 

323.65 

333.00 

340.37 

346.16 

350.67 

225.76 

EPSILON 

1.065 

1.862 

2.983 

5.646 

8.291 

10.965 

21.566 

42.635 

84.344 

166.499 

327.543 

1.000 

Shifting  expansion 


PRESSURE, 

PSU 

lOCO 

548.1 

158.5 

65.10 

25.12 

16.70 

10.00 

5.981 

1.585 

.651 

.251 

.100 

572.6 

TEMP,  DEG 

K 

3577.6 

5258.7 

2905.5 

2561.0 

2212.7 

2018.6 

1886.6 

1599.4 

1355.6 

1151.5 

483.2 

866.0 

5570.5 

ENTHALPY  1 

1-1 

21.59 

64.05 

75.60 

96.82 

115.60 

122.46 

124.30 

162.80 

156.25 

165.46 

172.22 

179.31 

58.61 

X  BAR 

4.447 

6.565 

6.300 

6.262 

6.267 

6.266 

6.265 

6.262 

6.262 

6.262 

6.262 

6.262 

6.396 

N 

4.447 

6.565 

6.300 

6.262 

6.267 

6.266 

6.265 

6.262 

6.262 

6.262 

6.262 

6.262 

6.546 

CP 

1.22C0 

1.0185 

.7865 

.6056 

.5117 

.6872 

.6776 

.6688 

.6702 

.6018 

.5032 

.5308 

1.1051 

IMPUL  0FT 

156.58 

212.32 

252.61 

282.61 

246.47 

506.11 

526.7} 

554.72 

551.4} 

362.00 

570.61 

121.70 

IMPUL  VAC 

255.61 

265.14 

289.80 

311.36 

521.41 

520.71 

562.80 

356.55 

563.45. 

571.46 

578.74 

226.91 

EPSILON 

1.080 

1.766 

3.226 

6.226 

4.252 

12.249 

26.641 

50. .2  30 

103.662 

215.726 

655.661 

1.000 

coppostrioN  shifting  imol/ioo  GH) 


170.89 

C 

•  OCCO 

•  0000 

•  OCOO 

•  0000 

.0000 

•  0000 

.0000 

•  0000 

•  0000 

•oooo 

•  0000 

.0000 

.0000 

142.00 

C*H 

•  OOCO 

•  OCOO 

•  OCOO 

.0000 

•  0000 

•  0000 

.0000 

•  0000 

•  0000 

•oooo 

•  OOCO 

.0000 

.0000 

-2.90 

C»M#C 

«0QC9 

•  0C04 

•  0C02 

•  0001 

.0000 

•  0000 

•  0000 

•  0000 

.0000 

•oooo 

•  OOCO 

.0000 

.0005 

67.00 

C*H2 

•  OCCO 

•  0000 

•  OCOO 

.0000 

•  OOCO 

•  0000 

•  0000 

•  0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

-27.70 

c*H2«a 

•  OCCO 

•  0000 

•  OCOO 

•  0000 

•  0000 

.0000 

•  0000 

•  0000 

.0000 

•oooo 

.0000 

.0000 

.0000 

31.94 

C»H3 

•  OOCO 

•  OCOO 

•  OCOO 

•  OOCO 

.0000 

•  0000 

•  0000 

•  0000 

•  0000 

.0000 

•  OOCO 

.0000 

.0000 

-17.89 

C«H4 

•  OOCO 

•  0000 

•  OCOO 

.0000 

•  0000 

.0000 

•  0000 

•  0000 

•  0000 

*0000 

•  OOCO 

.0000 

.0000 

-26.42 

Cto 

1.5998 

1.5498 

1.5C78 

1.4722 

1.4322 

1.4025 

U3769 

1.2990 

1.1965 

1.0634 

.9029 

.7236 

1.5686 

-94.05 

C*02 

•  5455 

•  5960 

•  6382 

•  6739 

•  7139 

•  7436 

.7692* 

•  8463 

.9497 

1.0827 

1.2432 

1.6227 

.5770 

199.00 

C2 

•oo:o 

•  0000 

•  OCOO 

•  0000 

•0000 

•  0000 

•  0000 

•  0000 

•  OOOO 

•  0000 

•  OOOO 

.0000 

.0000 

112.10 

C2*H 

•  OOCO 

•  0000 

•  OCOO 

•  0000 

.0000 

•  0000 

•  0000 

•  0000 

•  0000 

•oooo 

•  OOOO 

.0000 

.0000 

54.19 

C2»H2 

•  OOCO 

•  0000 

•  OCOO 

.0000 

.0000 

.0000 

•  0000 

•  0000 

.0000 

•oooo 

•  OOOO 

.0000 

.0000 

12.50 

C2*H4 

•  coco 

.0000 

•  OCOO 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

.0000 

•oooo 

•  OOOO 

.0000 

.0000 

U9.70 

C3 

.OOCO 

•  0000 

•  OCOO 

.0000 

•  0000 

•  0000 

•  0000 

•  0000 

•oooo 

.0000 

•oooo 

.0000 

.0000 

242.30 

C4 

•  OOCO 

•oooo 

•  OCOO 

.0000 

•0000 

•  0000 

•  0000 

•  0000 

•  OOOO 

•oooo 

•oooo 

.0000 

.0000 

52.10 

H 

•  1283 

•  0887 

•  0527 

•  0238 

•  0072 

•  0030 

•  0014 

•  0002 

•oooo 

•oooo 

•oooo 

.0000 

.1060 

9.33 

H«0 

•  1783 

•  1070 

•  0503 

•  0157 

.0026 

•  0008 

•  0003 

•  0000 

.0000 

•oooo 

•oooo 

.0000 

.1338 

•  00 

H2 

•  5166 

.5061 

•  5143 

•  5381 

•  5786 

•  6094 

•  6355 

•  7130 

•  8165 

•  9496 

l.llOl 

1.2895 

.5100 

-57.80 

H2«0 

U42S3 

1.4695 

1.5298 

1.5378 

1.5121 

1.4844 

U4594 

1.3826 

1.2792 

1.1461 

•  9856 

.8062 

1.6665 

59.56 

0 

•  0251 

«.0109 

•  0C31 

•  0004 

•  0000 

•  0000 

.0000 

•  0000 

•  OOOO 

•oooo 

•oooo 

.0000 

.0157 

.00 

02 

•  0273 

•  0127 

•  0C38 

.0005 

•  0000 

•  0000 

•  0000 

•  0000 

.0000 

•oooo 

•oooo 

.0000 

.0179 

Ml.  0/a 


SVStCM  ilCUlP  OlMMfCLMI  OC  1000.  >S|0 

coMoaniNr  raip  ommuia  oiniitv  miat  ookm 
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47.50 

71.68 

93.44 

1  ia.92 

123.24 

130.  17 

145.17 

l5o»C6 

169.06 

1 76.46 

166.53 

X  BAR 

4.25C 

4.135 

4.C47 

3.975 

3.924 

5.906 

3.698 

5.890 

5.H69 

3.868 

5.br8 

3.088 

N 

4.230 

4.133 

4.047 

3.975 

3.924 

3.906 

3.B9d 

3.690 

5.8b9 

3.600 

3.8HH 

3.868 

CP 

1.5466 

1.4554 

1.2761 

1.0110 

.7256 

•  6011 

•  S4  16 

•  4755 

.4542 

•  4503 

•  4545 

•  4660 

IMPUL  OPT 

153.00 

210.82 

251.74 

283.42 

298.83 

306.75 

329.21 

345.82 

3S9.4I 

370.62 

379.95 

IMPUL  VAC 

251.66 

262.  19 

290.40 

314.04 

325.79 

355.40 

549.16 

562.09 

.372.78 

381.69 

369.20 

EPSILON 

U064 

1.778 

3.361 

6.6«6 

I0.C66 

13.522 

27.495 

56.298 

116.203 

241.760 

507.350 

COMPOSITION  SHIFTING  IPOI/IOO  GMI 


wo. 84 

c 

.0000 

•  0000 

•ocno 

.0000 

•ooco 

•  0000 

•  0000 

•  OOOU 

•  OOCO 

•  oouo 

•  OOOU 

•  0000 

142. OC 

CaH 

.ccoo 

•  ccoo 

•  ocoo 

.0000 

•coco 

.0000 

.0000 

•  OCOO 

.COCO 

•  0000 

•  occo 

•  0000 

-2.9C 

C  •  ••0 

.  C  C  On 

.CCC3 

•  OCCI 

.0000 

•ooou 

•  OOCO 

•ooou 

•  OUCO 

.coco 

•  ocoo 

•  ooco 

.ooco 

67. OC 

C*H2 

•  CCCO 

•oocc 

•  ocoo 

.0000 

.0000 

.0000 

•ooco 

•  0000 

•  OUOO 

.0000 

•  COCU 

.0000 

-27. /C 

C«H2«0 

•  0000 

•  ocoo 

•  OUOO 

.0000 

.0000 

.0000 

•  ooou 

•  0000 

•  OOOO 

.0000 

.0000 

•  oouo 

it. 44 

CaH2 

•  CCOO 

•occo 

.0000 

.0000 

.0000 

.0000 

•ocoo 

•  0000 

•  0000 

•  cooo 

•  ocoo 

•  cooo 

-  W.d4 

C«H4 

•  cooo 

•  ccco 

.0000 

.0000 

•ooco 

•  COOO 

•  0000 

.coco 

•  OOCO 

.0000 

•  ooco 

•  0000 

-26.42 

C«C 

'  1.3022 

1.226C 

1.1572 

1.0947 

1.0466 

1.0250 

1.0106 

.9722 

.9190 

.8459 

.  7496 

.6295 

-44.05 

CAC2 

•  6645 

.759  1 

•  8100 

•  6725 

.9207 

.9423 

•  9564 

.9V51 

1.046  5 

1.1214 

1.2177 

1.5580 

199.00 

C2 

•ccoc 

•  ccoc 

•  oooc 

.0000 

•  0000 

.0000 

•  OCCO 

•  OCCO 

.0000 

•  OOCO 

•  ooco 

.0000 

112.  1C 

C2aH 

.ccoc 

•  OCCC 

.0000 

.0000 

.0000 

•  OCCO 

•  OCCO 

•coco 

.0000 

.0000 

•  ooco 

.0000 

54.14 

C2»H2 

•  ccoo 

.ccco 

.0000 

.0000 

.0000 

.0000 

•  OOOU 

•  oono 

.0000 

.0000 

•  oouo 

•oouo 

12. 5C 

C2*H4 

•  coco 

•  0000 

.0000 

•  0000 

•ooco 

•  0000 

•  0000 

•  0000 

•  0000 

.0000 

•  0000 

.0000 

189. 7C 

C3 

•  coco 

•oooc 

.0000 

.0000 

•  0000 

•  0000 

•  0000 

.ooco 

•  0000 

•  ooco 

•  ooco 

.0000 

242. JC 

C4 

•  cooo 

•ccoc 

•  0000 

•  0000 

•ooco 

•  0000 

•  0000 

•  0000 

•occo 

.0000 

•  ooco 

.ooco 

52.10 

H’ 

«i2ie 

•  0941 

•  0694 

•  0469 

•  0265 

•  0161 

•  0104 

.0026 

•  0004 

.0000 

•  0000 

•oouo 

9.53 

H«0 

.2691 

.  1979 

•  1  3.36 

.0774 

.0351 

•  0160 

•  008  3 

•  001  1 

.0001 

.0000 

•  0000 

•  0000 

.OC 

H2 

•  3329 

.3112 

.2949 

•  2669 

.2916 

•  5023 

•  3135 

•  3514 

.4052 

.4T65 

.5748 

.6951 

-57. 8C 

H2A0 

1.3924 

1.4638 

1.5246 

1.5720 

1.5997 

1.6027 

l•5962 

1.5678 

1.5156 

1.4425 

1.3462 

1.2259 

59.56 

0 

.C554 

•  0344 

•  0166 

•  0077 

.0019 

•  0006 

•  0002 

•  OUOO 

•  uuoo 

•  OOUO 

.0000 

.0000 

.00 

02 

.0913 

•  0644 

.0366 

•  0172 

.004  3 

.0012 

.0004 

•  OUOO 

.0000 

•  0000 

•  0000 

•  0000 

-254- 


THMOaT 


33l2.t) 
37.62 
.M757 
121.72 
221. 2G 
I.OOU 


t>7S.o 
34Hb.  I 
37.07 
U.17I 
4.171 
1.^020 
119.76 
224.69 
1.000 


.cocu 

.0000 

•  0004 
.0000 
.ooou 

•  0000 

.0000 

1.2575 
.7094 
.0000 
.0000 
.0000 
•  0000 
•  0000 
•ooou 

.  1046 
.2256 
.3194 
1.4363 

•  0422 

•  0752 


t 


(psuefi 


I.OCO 

?.ocu 

l.OCQ 

N.CCU 

>.occ 

fc.COO 

/.cco 

a.ccc 

9.0CO 

tc.oco 
I  ucco 

I2.CCQ 
II. cco 
U.CCQ 
i^.ecQ 
la.ocu 
l?.0C0 
la.ccc 
I9.OC0 

sc.ecc 

;i.cc2 

3;.CLS 

?«.cco 

?||.OCO 

3b. ecu 
76. cco 
71. cco 
7a. cco 

79.GCC 

*Q.CCO 

jl.CCC 

•7.0CC 

•i.OCC 

«6.CCC 

Jb.CCO 

«6.0CC 

jr.oco 

•e.cco 

S9.CCC 

kC.CCC 

01. cco 

Oif.cee 

oi.occ 

ho.ecc 

ob.OCO 

*6. cco 
or.oee 

OK. CCO 
69.CC0 
bO.CCC 

a.oCo 


VC  /p 

I.CCO 
t.  fKd 
i.i'eo 
'b.eio 
70. ft  > 
!$.6H 
07. Mv 

oj.coe 

ts.tb^ 

P6.07] 
9H.  ]C0 
MO.tob 
l?i.9N 
i*r.oo8 
1*1  1.719 
ltb.719 
1/9, 

19  S.tOO 
7Cf.9b/ 
777.;// 

7i6.9/0 
7br.«/  • 
it  /.CM 
?►  !•> 
scc.ool 

*l/.0>,/ 
Ifo.fbo 
l!7.  I/C 
169.  /06 
It/. 0/0 
oCb.  It'i 
071. :co 
00C.H^6 
o^«.  /  le 
•</6.bt9 
090.19/ 
bl7.1/C 

b;9,ef0 

bo/.vi« 
btb,  H/ 
•.•■7.MC 
b99,9t/ 
ti/.;ti 
tfS.tit 
«bb.o«C 
t'O.CbO 
696. /9r 

n/./c« 
/9a,/«i 
/to. CM 

ea.c«« 


p  »$u 

ICCC.COC 
bbv.olo 
I  1C.  17(, 
9J.  190 
OC.bbC 

79.009 
If.Hbl 
Ib./IC 
IS. 9/7 
II. S/I 
tC.  1/7 
9. flit 
f.066 
/.7/S 
t.Sl  1 
6. Ob  I 
S.b/s 
b.  Ito 
0.SC9 
0.<t99 
0.77/ 
9.  irl 
9. /os 

‘.S7t 
9.17b 
9.  Ibl. 
7.  )// 
7./99 
7.  /ftb 
7.bM 
7.<.tt 
/.9to 
7./6-' 
7.  lec 
?.g9« 
7.C79 
I  .  /b/ 
l.tn/ 
l.•'?« 
1.//C 
1,  /I6 
1.66/ 
I.67C 
l.t/b 
I , 

■  ,0/4 
l.«9b 
1.491 
1 .  Ibo 
I.  lib 
iii.e9e 


bsbfcv  LUuli) 

CiJVfflNiOt  |k6F  frKHUii 

cau  » 

Lit  90.7  92 

BV-I  79H  C*HI.9«1 


VC  icee.  Vita 

tcasjfv  vcAf  ai’vv 


ttvv  (oitaiPi 


ill,  »  Rr*L/ic06ft  bv  tco 
laaa.H  ^/c.ba  .o«C 
-1/.6/ 

-/b.VI 

•r/.aa 
-vs. Of 

•100.91 
•ICO.OV 

-ica.  lb 
-tic.ae 

•I  1 1.  lb 
•IIS.  10 
'116. at 

•  I IV. •! 

-119.91 
-17  I.Ov 
-177.71 
-»7<.79 
-1/0.76 
-  I/S.  It 
• I/6.0C 
-176. /» 

IS//,b  -I//.S7 
-1/9,71 


bV/CC 
t.lo 

O.ac  -6,97 

raa/ca  CBcaitsieo 
C  SIAM  •  ‘•770.0  ri/bic 
CV  (.61/  I  H7t  lltLVaC  1(1  V6C  1  b(A 


lil/.b 
70V/. a 
7711.V 
706%. C 
190 S.7 
I«b5.fl 
i/rt!.i 
1/16.1 
1667.9 
1616./ 
IS/6.0 
ISlV 
IbCt./ 
lo/t.  / 

1009. S 
1070.1 
1001.  I 
I S/v.o 
I  5bv,? 


I  9Cb./ 

I7t9.« 
17/0./ 
t/ec.  1 
(706. / 

1713./ 
17;  1.7 
l?Ov. 1 
n«/.9 
I  It  /.c 
M  /6.b 
I  It  6.  1 
I  I'.-t.A 
I  lo /.7 
I  !*•  .1 
II/V.9 
I  l/C.H 
IM/.ft 
I  ICO. 6 
levft.  / 
I6rv,0 

tcv/.  I 
ic/>.: 

lOtv.  I 
ICC  1.0 
■CVo,9 
icov.s 
1007.1 
Ifllt.l 
1691. S 


•  l,'9. 

•  1/9.0/ 

-  lit  .Ot 
•M0.6I 

•  I  II.  10 

-HI. 60 
-I  17. II 

-  I  97.  Vt 

•  Hl.flJ 

-  I  41.0b 

-  I  11. Hb 

-  I  10. /O 
-Ho. 6? 

-  I  lo.9t 
•Hs.ll 
•Hb.or 
•HS.I9 
•116.91 

-  I  16.6/ 

-  I  16.91 

•  I  it.r. 

•H/.ot 

•H/./b 

-H'.0» 

•H-.7/ 

•  I IV. b? 
•H«./6 
- 1  iv.flr 
•III. 90 


.0/6 
.060 
.6S1 
.006 
.009 
.000 
.016 
.010 
.Oil 
.07V 
.07/ 
.o/S 
.071 
.071 
.o7C 
.016 
.01  / 
.olS 
.0  10 


.oil 

.010 

.0C9 

.OC.M 

.00/ 

.OOS 
.oOo 
.oCo 
.009 
.oC7 
.OCI 
.0  06 
.ooc 

.  1V9 
.  996 
.  IVV 
.  i*/ 
.  196 
.  996 
.  9»*' 
.1»S 
.  990 
.99  9 
.9/9 
.  I*? 
.1V7 
.  9v1 
.JVI 


171./ 

71V./ 

201.7 
/Sb.9 

760.7 
7rc.9 
7/6.0 

/•c.? 

7Mi.a 

7«6.N 
7H9.0 
791. V 
791.6 
79b./ 
79i.o 
79P.9 

900.1 

101. A 

907.9 

901.9 
lOS.U 
906. C 
lCt.9 
9C/.V 

I0«.6 

109.0 

lie.  I 
1IC.6 
♦I  l.s 

917.1 

917. V 
IH.i 
til.* 
llo.o 
llb.O 
91b. b 

115.1 
916.0 


9lt.S 
lit. 9 
919.1 

17cio 

97C.9 

171^.6 


ll.H 
79. b 

76.9 
7>.0 

71.6 
7/.0 
71.0 

70.6 

19.9 
19.  1 


16. r 

l6.o 

lA.  I 


lb.  I 
lo.  * 
lo./ 
•  o.S 
10. 0 
10.7 
lo.O 
H.9 
H./ 

H.6 


H.l 
H./ 
1 1. 1 
II. I) 


17. b 
l/.o 
I/. 9 
I/./ 


7111. f  7/.C 


tP 

.  t/f 
.9/1 
.SSo 
./7v 

.900 
1.069 
I.7SI; 
i.o/b 
1.601 
I./K2 
I.9SI< 
7.  IOC 
7.17S 
7.Slfl 
7.A9S 

7.6/9 

.1.06C 

1.71V 

1.011 

9.S60 

l./M 
1.910 
o.  ICO 
0.79., 
0.06/ 
o.A/r 

0.6/7 

b.Obl 

S.7ot 

S.OlA 

.a77 

b.vr/ 

5.  9h9 
t  .  160 

6.  10/ 
t.b7l 
6.690 
<.961 
/.CIO 
/.  190 
/.  Ibb 
/.S  U 
/.6A9 
/.►« 
6.074. 
o./lb 
v.oC  I 
t.so/ 
V.  /r7 
t.//i 
l.09l 


719.0 


tVL 


216.6 
/•b.7 
76/, «  7/C. 7 
7/0. J  7//,i 
7//.h  /ai.R 
/»(/« I  71*0.1 
7el.7  7e6./ 

7V|./  /af.C 
7at./ 
?nv.  I 


2/0.9 

76C.0 

7/O.K 

761.6 

769.6 
/90.'i 
79/. 0 

100.7 
107.  b 
iCO.O 
ICA.O 
107. 0 
10V,6 
109.  / 
lie. 6 
11  1.0 
51?./ 
117. •* 
II  J.o 
410. c 
510. 0 
110.9 
lib.  1 


IIA./ 
916.9 
II/. C 
II/. 7 
II/. 1 
II/. 0 
iir.b 
117. b 
iir.6 
91/./ 
11/./ 
II/./ 
917. 0 


771./ 
760. < 
//b.  / 
/►o.t 
791.  I 
?9b,t 
799.  A 
1C/.6 
lOb./ 
IC/.o 

109.  1 
II  I.C 
117. A 
iH.v 
5IS.7 
116.1 
II/. 0 
IIH.  1 
919./ 

170. 1 
170. K 
171.6 

172. 1 

177.9 
l.’l.b 
170.  I 
170.  / 
I7b./ 
5/b./ 
1?A./ 
376. C 
1/7.  I 
1?/.'. 
177.0 
176.  j 
9/6.  7 
179.0 
979.0 
179.  / 

110,  C 

110.  9 
910,* 

110.9 
Ml. 7 
Ml.', 

111, -' 
117. C 

117. 1 


ICI  7  5C<.7 


c>  b£A  cr  VAC 

IVL 

1.779  l./oo 
1,610  I.6AS 
l.bOS  I.SbC 
I, SOI  1.601 
i,b67  I.ClA 
l.b/O  I.CAl 
l.bNl  I, '40 
l.bAl  l,/OI 
1.716 
l,/7t 
I./19 
l./OM 
I./S7 
1.76b 
1.772 
I.  776 
i./ao 
l./HV 
1,790 
I.  79V 
l.vOl 
l.tO". 

i!*is 

l.cH 

1.1-7/ 

I.r2b 

I.t2t 

l.rll 

l.tll 

l.tlt 

I.'-IH 

l.uo  I 
I  .  n  6  1 
l.,Ob 
I.-07 
l.tOV 
l.tbl 
l.>  SI 
l.tS'' 
l.rS7 
l.4St 
I  AC 

i.-a? 
l.tAl 
I, "AS 
I  >"66 
I ,  *6" 
I.H6V 
I.A'C 
l.b'IO  1.707 


(vbUfls 


3. ecu 
o.OOU 
b.CCC 

6. GCC 

7. CCv 

6. ecu 

9,CCC 
IC.CCC 
M.CCe 
17. OCO 
li.OCC 
lO.CCC 
Ib.CCC 
16. OCO 

i/.ecc 

la. ccc 

I9.CCC 
20. OCO 
7  I.CCC 
77.0CC 

2s.ecc 

70. OCO 
7b«CC0 

76. CCC 

77.  CCS 
76. CCO 
79.CCC 

10.  CCO 

11. ece 

37. OCO 
33. OCO 
SO. OCO 

lb. OCC 
16. OCO 
SI. CCO 

■e.occ 
39.cec 
00. cco 

01. OCO 
O7.0C0 
03. cco 

00. OCO 
OS. OCO 
06. OCO 

or.ccc 

06.000 

09.000 

se.^co 

10.066 


7.tbl 
to«/er 
7C.  0/B 
; 7.719 
ib.CCb 
07.  lot 
bo.btl 
'B.tbfl 


t/.* 


/6.0I« 

Vb. 7C0 
9b.c<9 
ICO. 773 

I lo.tcc 
I?b.ll9 
lib. too 

106. 307 

'b/.iec 

I.H.  I/O 
1 79,  11/ 
I9C./'I 
7C  I.30C 
717.016 
773. bte 
7fo.eii 
?ob./;c 

7b7.60A 
77U.Ci6 
7t7.  «b9 
79b. 61/ 
lCA.b99 
371. 6«U 
)!o.e76 
506.  lOb 
16  1.063 
3/0. e/7 
16B.3I1 
OC  l./fo 
Otb.770 
07a. 772 
007. /ro 
Obb.7ie 
069,2/6 
oe?.e<7 
09b. c/3 
bCV.Oj/ 
S72.7bb 
bj6.C20 
b09.77a 
6a. 006 


ICUC.flOb 
t/b.67i 
177.1/9 
69. JVb 
06,  *S1 
!S.4/» 
7»,SA7 

IV, 77. 
It.  *60 
I  O.S  I'/ 
I  ‘.“tf' 
I  I  .66" 
IC.bN 
v.sov 
•  ./II 
f  .  *47 
7,3/2 
t.oi3 
6, It; 
S.  90" 
b.St/ 
b.?S/ 
0.16/ 
0.70/ 
0.0/5 
0,2*7 
O.07C 
1.660 
3.709 
3.b37 
3,163 
9.70C 
3.10V 
7.966 
3.6/7 
7,7*e 
3>66e 
7,S71 
7.0H9 
7.006 
7.152 
7.761 
2.  I9l 
7.151 
7.072 
7,0U 
1.965 
1.913 
1.666 
1.671 
10.696 


tlW  <0t»4l6t 
I  (9.  »  tCtl/  ICOtv 
•/O. 


lots. I 
ICO  1,9 
,l-7b.? 
276/. 6 
7t.ro.) 
?Af  1.7 
2bSV.3 
?0f5.b 
/o  13.5 
23‘9,l 
/lOV.I 
7StC.o 
/77b. 6 
270  1.9 
77H.1 
7lvb.2 
2lbe.» 
7HO.I 
71  »C,7 
/Ovn.A 
70c/. 6 
7C07,/ 
70/V.7 

7010.6 
I9V9.1 
19/6. S 
1961.0 
I90S,9 
1911. b 
191  /.« 
I9C0.1 

Itv  1.0 
IC/9.0 
11:67.0 
IvbS.O 

iaoo.2 

lasi.o 

IV/7.9 

tai2.7 

I0(*7./ 

I/V3.I 

t/es.A 

1770.7 

ITAS.A 

1/s/. 2 

l/Oo.V 

i/oc./ 

1/32./ 
I/.0.9 
1/1/. 1 
2306.1 


• J/.C7 
•7A.9/ 
•9C.0O 


•110.1/ 
•117. bS 
•l/fl.si 
•1/1. 0" 
-17. .17 
•1/7.0/ 
♦179.7/ 
.  I  .<■.  »• 
•l«7,SI 
•HI.  *0 

-  1 1b. 7< 

•  I 3A.09 

•117. 6b 
•Ha. 71 

-  I  59, /o 

•  loC. /< 
•lOl.AI 
-107.07 
-l0l,79 
-loo. 01 

- t00.6| 

•lOS.S/ 

•  UA.71 
•106. ab 

•  lo/.ot 
•Uo.oa 
-ioa.66 
-109,71 
-109. 7b 
•ISO. 77 
♦lbO.77 
-Ibl. 7b 
-Ibl, 77 
-Ib7,l8 
-lb7.A2 
-ISS.Ob 

•  Ibl. 06 
•lbS.H6 
•lbO.76 
'IbO.AO 
-Ibb.CI 
•Ibb.sr 
-ISS./l 

-  106.0/ 
-173.70 


Sv|t  I  INw  H66MI9S 
<  lT6t  •  b<lAb«7  rt/b(C 
C6  CAl/  I  "Sf  nritlC  IliWSC  : 
V6  tft  tP 

l.bo/ 
l.bO? 

1.779 

•*e»o 
.93% 


•19 
«  /6A 
.7IC 
.6AA 
.All 
.AOl 
.bMl 
.b6S 
.boa 
.S16 
.b/6 
.SI? 

.bio 

.bOO 
,090 
.090 
.090 
.oa6 
.081 
*OVl 
.0/» 
.076 
.0/0 
.0/9 
.0/1 
.069 
.06U 
.066 
.06% 
.060 
.063 
.067 
.061 
.061 
.06C 
.0S9 
.0b9 
•ova 
•  0%6 
.OS/ 
.0%/ 
.Ob/ 
.0S6 
.0b6 
.OS6 
.0%% 
.601 


119./ 
7/C. A 

706.1 
?Ag./ 

771.7 
779,0 
7*b.l 
79U.0 
790. ■ 
79". 6 
101.9 

300.8 

ic/.b 

109.9 
II/.: 
llo.o 
lib. 6 
117. b 

119.1 

170.6 
177. C 

171.1 
170. s 
l?b.6 
i2A.r 

577.6 

176.7 
179./ 
ISC. 6 
Hl.o 

117.7 
Hl.o 

131.8 
Slo.b 
3Sb.7 
tSb.9 
916. S 
IS/.? 
11/. V 


ISV.S 
IOC. 9 
SOQ.b 
10  1.0 
SOI.% 
307.0 
307.0 
307.9 
101.3 
796.6 


IOa.9 
07. A 

19.9 
l6./ 
11. A 

11.7 
1C. 7 
7a. t 
77. V 
77,0 

76.7 
7b. 6 

70.9 

70.  V 

71.9 
?3.0 
7  3.0 
77, A 
77.1 

71. * 
71. A 
/l.l 
71.0 
70. H 
/O.S 


19.9 
19.6 
19. S 
19.1 
19.  I 

19.9 

1».6 


I/./ 
17. b 
l/.O 
ir.i 
I/. 7 
i/.i 
l/.O 
16.9 
16.8 
77.0 


.  1-7 

.17* 

,s/c 

*700 

.935 
l.lt- 
l.?7t 
1.061 
I.AOb 
!.•?  ' 
7.CC7 
/.I9I 
7.17/ 
7.bbS 
7.765 
/.9S7 
1.171 
*.  SIC 
?.09" 
3.6«> 
3.8/: 
0.CS1 
A. 710 
0.01/ 
o.btb 
0.767 
0.9SC 
S.ltl 
b.  1C6 
%.%CI 
S,69/ 
b.691 

A.oav 

6.763 

6.ort 
<.6/7 
6. *6% 
/.CS7 
r.7on 
/,01/ 
/.67b 
7.61/ 
7.996 
6.1/9 
6.16C 
6,S39 
f./lA 
a.«9i 
9,abo 
9.23b 
I.93S 


7/2. C 
/A/./ 

77/, 6 
/<  6.  I 
/9i.C 
7*0,0 
796,/ 
/97.9 
/9r,C 
2V6." 


7A0.9 

7at.7 

7av.o 

?9b.? 

791.5 

1C7.5 

Iflk.O 


2/6.6  306.9 


I  At  i  V6V 

v;7u& 

//o.o  ??•>/ 

/A».S  26-./ 

2iS.g  766. c 
?>S.7  /»A./ 

9M./  ICO." 
IU6.1  510.7 

319.1  ilS.V 
9I*>9  IW.o 

119.9  977.7 

5/7.,  17b. t 

5/0,7  3/-. 7 

57*./  55U.O 

576.0  937.0 

3/9,9  530.4 

511.2  11b.* 

147.0  117.0 

3<l.b  lie.*, 
110. s  IOC. 7 
19b. 0  >01,0 

156.7  902.) 

117. 'J  301.* 
59/./  100. A 

116.1  30%. b 

116.9  90A.0 

1*9.0  307.7 

599.*  106, C 

lOU.O  306.6 
lon.H  309.-, 

101.7  3bC.7 

lol.b  sb:.* 
101, a  3bi.s 
907.  1  9S7.  I 

107.1  5S7./ 
107. A  ISl.l 
107. H  ibl. 6 
101.0  ibO.l 

101.1  9bO,6 

10 1.1  3bb.! 
lol.o  3%%." 
10  1.6  lb6.  1 

101.7  1S6.7 

10.1.6  Ib/.l 

30  1.9  3b7.b 

300.0  3S7.9 

100.1  3%8.3 

100.1  isa.r 

100.7  lb9.  I 

300.3  ssv.o 

100.1  3b9.6 

300.0  360.1 

177.7  12b. 6 


rt  sfA  f,r  VAC 
l  VI 

I./97  l./l" 

,.ool  l.o/l 
I.S71  I.b69 

I.S6»  I.C79 

I.b96  1,*,7? 

I.AlS  |.*bO 
I.A77  I./Ig 
I.elO  I.*b2 
I.Al-  1.77C 
I.A99  |.*66 

l.i  Ob 
l.<  17 
l.-VS 
l.olS 
l.tOl 
l.*-%l 
I.rb9 
l.rAA 
1.17/ 
1.679 
l.t.8b 
I.A90 
l.cOb 
I.VOO 
l.90b 
1.909 
I.VI3 
I.VI7 
I.HI 
I.V2b 
I,9?t 
l./ll 
l.-Vlb 
1.918 
1.901 
1.900 
I.V06 
1.909 
I.9b7 
l.9%0 
I.9b7 
l,9>9 
1.961 
1.963 
1.96b 
1.966 
1.9/g 
1.977 
1.9/S 
1.97b 


'in- 


PRESSURE  PROftLE  DATA 

SVSTEP  tUUlD  01PROPELLANT  PC  1000.  PSIA 


COMPONENT 

TREF  FORMULA 

DENSITY 

HEAT  FORH 

WT 

DEG  K 

GM/CC 

ikcal/form.ht. 

1 

LOX 

9C.2  02 

1.14 

-3.06 

79 

RP-l 

290  C*Hl.9S3 

0.80 

-6.92 

25, 

eULK  CENSITV  •  U031  GM/CC 

PIXTURE  RATIO  •  3*000  LB  OXIDIZER  /  LB  OF  FUEL 

PRESSURE  PROFILE  DATA 


ChAHOER  ENTROPY  260.23  EU/IOOGMS 


CHAMBER 


THROAT 


FROZEN  EXPANSION 


PRESSURE! 

PSIA 

loco 

398.1 

198.9 

63.10 

25.12 

14.70 

10*00 

3.981 

1.585 

•  631 

.2S1 

*100 

560.2 

TEMP#  DEC 

K 

3694.3 

3140.2 

2679.5 

2266.2 

1911.6 

1727.9 

1604.5 

1338.5 

1108.6 

910.8 

7*1.7 

998.6 

3341.7 

ENTHALPY  1 

[-1 

19.99 

44.89 

66.39 

84.99 

100.01 

107*84 

112.99 

123.85 

132.88 

140.33 

U6.*2 

191.37 

39.99 

CP 

.4660 

.4987 

.4902 

.4403 

.4288 

.4213 

•  4155 

.4006 

.3845 

.3680 

.3526 

*3382 

•  4617 

IMPUL  OPT 

148.24 

201.68 

237.78 

264.90 

277.07 

285*04 

301*16 

313.93 

324.09 

332.17 

338.98 

119.30 

IHPUL  VAC 

222.44 

248.03 

271.08 

289.79 

298.86 

304.71 

316.69 

326.27 

333.91 

339.97 

344.76 

217.16 

EPSILON 

1.067 

1.674 

3.021 

9.754 

8.489 

11.258 

22.328 

44.562 

89.078 

177.780 

353*602 

1*000 

SHIFTING  EXPANSION 


PRESSURE! 

PSU 

lOCO 

398.1 

19E.5 

63.10 

25.12 

16.70 

10.00 

3.981 

1.585 

.631 

.251 

.100 

577.0 

TEMP*  DEC 

K 

3694.3 

3*11.8 

3162.4 

2938.3 

2711.9 

2616.6 

2536.0 

2329U0 

2091.3 

1826.5 

1576.2 

1356.9 

3521.0 

ENTHALPY  1 

1-1 

19.99 

*5.52 

68.96 

90.21 

109.55 

120.01 

127.17 

1*3.20 

157.61 

170.30 

181.29 

190.76 

35.60 

X  BAR 

4.041 

3.9*3 

3.851 

3.767 

3.691 

3.651 

3.625 

3.573 

3.5*6 

3.536 

3.535 

3.535 

3.951 

N 

4.041 

3.9*3 

3.851 

3.767 

3.691 

3.651 

3.625 

3.573 

3.5*6 

3.536 

3.535 

3.535 

3.981 

CP 

1.71C8 

1.72*0 

1.6900 

1.5998 

1.6380 

1.3018 

1.1830 

.8389 

.5502 

.6537 

.6320 

.6253 

1.7239 

IMPLL  OPT 

150.17 

.'»0  7.23 

2*7.86 

279.7* 

295.56 

305.93 

327.91 

3*6.51 

362.09 

375.06 

385.81 

117.27 

IMPLL  VAC 

227.61 

258.03 

286.66 

310. 9Q 

323.50 

331.88 

3*9.85 

365.00 

377.51 

387.91 

396.61 

220.62 

EPSILON 

1.086 

1.790 

3.616 

6.926 

10.615 

16.692 

30.769 

65.1*3 

136.657 

285.661 

599.083 

1.000 

COPPOSiriON  SHIFTING  (MOI/IOO  GM) 


170.89 

c 

•occo 

•  0000 

•ocoo 

•  0000 

•  OOCO 

•oooo 

•  OOOO 

•oooo 

•oooo 

•  OOOO 

.0000 

•  OOOO 

.0000 

142.00 

C#H 

•ooco 

.0000 

•ocoo 

•  0000 

•oooo 

•  OOOO 

•  oooo 

•  oooo 

•oooo 

.0000 

.0000 

•oooo 

.oooo 

•2.90 

C*h*C 

•  00C4 

•  0002 

•  OCOl 

•  0000 

.0000 

•oooo 

•oooo 

•  oooo 

•oooo 

.0000 

.0000 

•  OOOO 

.0003 

67.00 

C*H2 

•occo 

•  0000 

•ocoo 

•  0000 

•  0000 

•  OOOO 

•oooo 

.0000 

•oooo 

.0000 

.0000 

•  OOOO 

.0000 

-27.70 

C*H2«0 

•coco 

•  0000 

•  OCOO 

•  0000 

•  0000 

•oooo 

•  oooo 

•  oooo 

.0000 

.0000 

.0000 

•  OOOO 

.0000 

31.94 

C*H3 

•ooco 

•  0000 

•ocoo 

•  0000 

•oooo 

•oooo 

•  oooo 

•  oooo 

.0000 

•  OOOO 

.0000 

•  OOOO 

.0000 

-17.69 

C«H4 

•ooco 

•  0000 

•  ocoo 

•  0000 

•  0000 

.0000 

•  oooo 

.0000 

•oooo 

•oooo 

.0000 

•  OOOO 

.0000 

-26.42 

c«a 

1.0294 

•  9420 

.8539 

•  7671 

•  6639 

•  6386 

•  6082 

•  9469 

•  9088 

•  4836 

.*522 

•  4081 

.9773 

-94*09 

C*02 

*7967 

•  8463 

.9349 

1.0214 

1.1049 

1.1499 

1*1802 

1.2419 

1.2797 

1.3048 

1.5363 

U3804 

.6109 

199.00 

C2 

.ooco 

•  0000 

•  ocoo 

•  0000 

•oooo 

•OOOO 

•  OOOO 

•oooo 

•  OOOO 

.0000 

.0000 

•  OOOO 

.0000 

112.10 

C2«H 

•  OOCO 

.0000 

•  ocoo 

•  0000 

•oooo 

•oooo 

•oooo 

•oooo 

.0000 

•OOOO 

.0000 

•  OOOO 

.0000 

94*19 

C2«H2 

•ooco 

•  0000 

•ocoo 

•  0000 

•ooco 

•OOOO 

*0000 

•  OOOO 

•  OOOO 

•OOOO 

.0000 

•  OOOO 

.0000 

12*90 

C2*H4 

•  OOCO 

•  0000 

•ocoo 

•  0000 

•oooo 

•OOOO 

•oooo 

.0000 

•  OOOO 

•OOOO 

.0000 

•  OOOO 

.0000 

189.70 

C3 

•ooco 

•  0000 

•  ocoo 

•  0000 

•oooo 

.0000 

•oooo 

•  oooo 

.0000 

•  OOOO 

.0000 

.0000 

.0000 

242.30 

C4 

•  OOCO 

•  0000 

•  ocoo 

•  0000 

•oooo 

•  OOOO 

•  oooo 

.0000 

•  oooo 

•OOOO 

.0000 

.0000 

.0000 

92.10 

H 

•  1012 

•  0007 

•  0631 

•  0482 

•  0394 

•  0287 

•  0243 

•  0144 

•  0061 

•0016 

.0003 

•  OOOO 

.0SI3 

9.33 

H*0 

•  3289 

.2618 

•  2C23 

•  1900 

.1044 

.0807 

•  0649 

.0316 

•  0091 

•0012 

.0001 

•  OOOO 

.2676 

*00 

H2 

.2169 

•  1991 

•  1792 

.1577 

.1427 

•  1394 

•  1311 

•  1296 

•  1318 

.1921 

.1836 

•  2277 

.2036 

-97.80 

H2«0 

1*3149 

1.3800 

1*4384 

1.4896 

1.9339 

1.9963 

1.9707 

1.9977 

1*6070 

1.9930 

1.5627 

1.9187 

1.35*5 

59.96 

e 

•  0861 

•  0621 

•  0427 

•  0279 

.0199 

•  0107 

•  0076 

•  0024 

•  0003 

.0000 

.0000 

•  OOOO 

.0712 

*00 

02 

•  2097 

•  1745 

*1406 

•  1093 

.0702 

•0908 

•  0378 

•  0126 

•  0019 

•OOOO 

.0000 

•  OOOO 

.187* 

256- 


NT.  0/a 


SfStCO  LUUIO  tlMOOiLLANf  »C  IMO.  ASIA 
COMOAINT  TMA  AOARUiA  MNSirv  NfAT  AOtf 

Oie  K  CM/U  lACSk/rOOH.HT.t 

koi  0]  1.14  •StOi  rs. 

R»-l  241  C*HI.4«S  O.AO  >4. 41  H, 

AtOIfA  ilAANStON 


C 

StAO  • 

9020. 7 

At/SfC 

EASUON 

AC/F 

A  ASIA 

7fMA 

(ItflALAV 

CA  CAl/  1  0A1 

'  OliVOC 

CEIVAC 

1  SEA 

1  47 

1  AT 

1  VAC 

Cf  SEA 

CA  VAC 

0E6  >  «e(l./l006A 

CA  OEO 

/A 

IVL 

10000 

9cooe 

LVL 

l.OCO 

icoo.eoQ 

1444.3 

•19,99 

•  444 

1.000 

1.719 

940.209  1141.7 

•19.99 

.442 

119.3 

97.9 

.179 

214.4 

219. ( 

2U.9 

217.2 

1.220 

1.2(9 

2.000 

4.0C2 

II1.C07 

2913.2 

•72.79 

•  447 

219.9 

40.4 

.144 

290.4 

292.1 

299.4 

294.0 

1.(13 

1.(43 

1.000 

19.740 

41.494 

2270.2 

•l(.41 

.((0 

237.9 

13.4 

.914 

241.1 

209.9 

270.0 

270.9 

1.304 

1.390 

A.OOO 

24.441 

40,419 

2102.2 

-11.77 

.439 

29C.7 

29.2 

.719 

249.4 

272.4 

270.7 

279.9 

1.9(2 

1.402 

9.000 

11.119 

24.440 

1912.0 

-<4.49 

.431 

299.9 

24.7 

*009 

271.1 

277.0 

204.4 

204.1 

1.941 

1.494 

4.00b 

42.299 

21.(44 

1140.4 

-1(0.40 

.420 

240.0 

24.0 

1.049 

279.4 

200.0 

209.0 

290.0 

1.974 

1,449 

7.000 

92.442 

t4.C44 

1114.3 

•1(4.00 

.429 

271.1 

23.4 

1.227 

274.9 

201.9 

292.4 

294.9 

1.913 

1.444 

■  •000 

42.144 

19.400 

1794.2 

•1(4.71 

.422 

279.3 

22.3 

1.400 

277.0 

201.2 

299.2 

297.4 

1.944 

1.701 

4.000 

71. 414 

13.947 

1701.1 

•1(0.49 

.420 

270.0 

21.3 

1.974 

204.0 

297.4 

900.1 

1.714 

10.000 

19.272 

11.727 

1499.0 

•uo.oo 

.411 

201.0 

20.9 

1.749 

204. ( 

299.1 

>02.9 

1.711 

11.000 

44.441 

10.311 

1414.2 

-112.90 

.414 

204.4 

19.4 

1.929 

20(.9 

901.0 

904.2 

1.7(2 

12.000 

1(4.291 

4.19} 

1977.0 

-IK. 04 

.414 

204.7 

19.2 

2.100 

>02.4 

909.9 

1.791 

11.000 

122.041 

0.140 

19(9.0 

•119.49 

.412 

201.0 

10.7 

2.202 

303.4 

107.9 

1.740 

14.000 

119.1(2 

7.141 

1919.2 

-114.40 

.411 

290.0 

10.2 

2.444 

304.4 

>00.1 

1.744 

IS. 000 

144.0(4 

4. 120 

1447.0 

•117.00 

.(09 

292.3 

17.0 

2.444 

109.4 

>10.1 

1.779 

14.000 

142.944 

4,192 

1442.7 

-110.03 

.(00 

293.0 

17.4 

2.024 

304.4 

111.2 

1.741 

17.000 

174.442 

9.441 

1(14.4 

-114.70 

.(07 

299.2 

17.0 

1.009 

107.1 

912.9 

I.74T 

11.000 

140.444 

9.291 

1(17.7 

•126.44 

.(64 

294.9 

14.7 

1.101 

307.4 

913.2 

1.701 

14.000 

2(4.444 

4.440 

1147.9 

-121.40 

.(04 

297.7 

14.4 

3.199 

ICO. 4 

114.1 

1.704 

20.000 

214.949 

4.979 

1174.9 

-122.24 

.(03 

290.0 

14.1 

3.922 

ICO. 9 

>14.9 

I.IOI 

21.000 

212.4(4 

4.244 

1140.7 

•122.44 

.(02 

299.9 

19.9 

3.407 

309.4 

119.7 

1.407 

22.000 

244.411 

4. (99 

11(1.4 

-121.44 

.401 

300.9 

19.4 

3.049 

*■  »• 

109.9 

114.9 

1.411 

21.000 

2(1.444 

3.110 

1127.4 

•124.27 

.(00 

301.0 

19.4 

4.024 

110.1 

117.1 

1.419 

24,000 

274.041 

1.944 

1112.0 

•124. 00 

.399 

102.4 

19.2 

4.214 

>10.4 

117.0 

1.410 

29,000 

244.414 

1.144 

1240.9 

-129.(4 

.390 

301.9 

14.9 

4.402 

>10.9 

114.4 

1.421 

24.000 

111.119 

1.214 

124(.0 

-129.44 

.397 

304.2 

14.0 

(.990 

>11.2 

114.0 

1.424 

27.000 

127.414 

3. (44 

1271.7 

-12*.91 

.394 

309.0 

14.4 

(.777 

111.4 

114.9 

1.429 

24.000 

149.0(7 

2.144 

1294,1 

-127.00 

.394 

309.7 

14.4 

(.949 

111.4 

>20.1 

1.412 

24.000 

342.171 

2.741 

12(7.3 

-127.(7 

.399 

304.4 

14.2 

9.191 

911.4 

120.4 

1.419 

10.000 

174. «90 

2.(19 

1219.4 

-127.43 

.394 

307.0 

14.1 

9.914 

912.0 

121.1 

1.414 

11.000 

144.414 

2.920 

I27(.4 

-124.  34 

.393 

307.4 

19.9 

9.919 

912.1 

>21.9 

1.4(0 

12.000 

414.244 

2.414 

12l(.( 

-124.77 

.392 

300.2 

19.0 

9.  701 

912.2 

>/2.0 

1.40 

il.OOO 

411.719 

2.114 

120(.2 

-124.12 

.192 

300.0 

19.4 

9.001 

912.9 

>22.4 

1.4(9 

14.000 

444.2(0 

2.224 

I14(.( 

-124.99 

.191 

304.1 

19.9 

4.099 

912. ( 

>22.4 

1.4(4 

19.000 

4(4.442 

2.141 

11(9.0 

-124.42 

.190 

309.0 

19.4 

4.219 

912.9 

>21.2 

1.490 

14.000 

4(4.142 

2. (44 

1179,4 

-l?0.2O 

.140 

310.3 

19.2 

4.(00 

912.4 

121.9 

1.492 

17.000 

9(1.941 

1.444 

11(7.0 

-110.42 

.149 

310.0 

tl.t 

(.974 

>12.7 

121.4 

1.49( 

14.000 

914. 4>2 

1.927 

1194.9 

-1J0.49 

.140 

311.1 

II.O 

4.747 

>12.7 

12(.l 

1.494 

14.000 

934.214 

1.449 

1190.1 

•1*1.27 

.100 

111.7 

12.) 

4.411 

>12.4 

124.4 

1.494 

40.000 

991.444 

1.(07 

11(2.1 

-in. 94 

.107 

112.1 

12.0 

7.074 

>12.4 

12(.4 

1.440 

41.000 

970.411 

1.791 

111(.9 

•  in. 40 

.107 

312.9 

12.7 

7.2U 

>12.9 

129.2 

1.442 

42.000 

947.472 

1.702 

1127.0 

-l!2.17 

.104 

311.0 

12.4 

7.141 

129.9 

1.441 

41.000 

4(4.440 

1.(94 

1114.7 

-1*2.49 

.109 

313.3 

12.9 

7.940 

129.4 

1.449 

44.000 

421.914 

1.(04 

1112.9 

•112.71 

.109 

111.7 

12.4 

t.roo 

124.1 

1.447 

49.000 

414.417 

1.941 

1109.4 

-112.44 

.104 

314.1 

12.3 

7.444 

124. ( 

1.444 

44.000 

494.942 

1.914 

1044.4 

•113.29 

.»( 

314.4 

12.2 

4.091 

124.7 

1.470 

47.000 

474.7(4 

1.471 

1042.1 

•113.90 

.101 

314.0 

12.1 

4.240 

924.4 

1.471 

44.000 

414.499 

1.424 

10(9.4 

-113.79 

.343 

319.1 

12.0 

0.427 

>27.2 

1.471 

44.000 

720.444 

1.114 

1074.7 

•111.44 

.102 

919.9 

12.0 

0.414 

>27.4 

1.074 

70.000 

741.044 

1.144 

1071.4 

•U(.32 

.302 

319.0 

11.9 

4.401 

>27.7 

1.474 

1.449 

(4.044 

|4.(44 

1727.9 

•1(7.04 

.421 

277.1 

21.0 

1.402 

277.1 

201.4 

294. > 

244.4 

1.944 

1.7U 

SAIAtlOO  faOOMSION 

C 

Stoo  • 

9742.9 

At/IK 

IA9U0N 

AC/- 

A  ASIA 

T(4A 

EAKAkAV 

(A  Ut/  1  OAt  OiiVOC 

CHVAC 

i  SI4 

t  41 

t  47 

1  VAC 

C9  SEE 

CA  VAC 

CfC  «  « 

C4b/lOO«A 

CA  CfC 

/A 

IVk 

10000 

9COOO 

Uk 

1.0(0 

1(00. (O 

I44«.  1 

•14,94 

1.711 

1.000 

1.711 

974.479 

1921.0 

•19.40 

1.724 

117.3 

103.3 

.174 

214.0 

214.4 

220. > 

220.4 

1.292 

1.217 

l.UVO 

7.f4/ 

I2<>.  I4'» 

Hkl.f 

-  >7.14 

1.470 

2*4.  * 

47.4 

.141 

214. 1 

199.4 

24>.e 

249.4 

1.442 

1.A72 

1.000 

14.044 

70.929 

2477.7 

•(4.44 

1.422 

241.9 

39.9 

.941 

271.2 

279.7 

240.9 

241.9 

1.929 

1.971 

4.000 

14.0  74 

90.307 

21(4.9 

•<(.02 

1.970 

299.9 

14.9 

.724 

241.7 

209.0 

291.2 

242.4 

1.979 

1.411 

9.000 

24.411 

37.112 

2123.9 

•1(1.01 

1.922 

240.2 

34.1 

.410 

244.4 

290.9 

294.4 

>00.9 

1.401 

1.477 

4.000 

11.770 

24.(12 

2771.7 

-U<,#7 

1.477 

274.0 

32.4 

1.041 

290.1 

299.1 

104.9 

904.4 

1.421 

1.710 

7.000 

40.3(9 

24.774 

2724.4 

•1(4.02 

U4I9 

200.2 

31.1 

1.194 

292.4 

290. ( 

>09.1 

111.2 

1.413 

1.794 

4.000 

47.412 

20.441 

2442.( 

•111.17 

1.399 

209.9 

30.0 

1.410 

29(.2 

100.4 

>12.4 

119.1 

1.4(2 

1.740 

4.000 

99.9(4 

17.440 

2440.9 

-114.04 

1.190 

209.7 

29.1 

1.410 

299,0 

302.2 

>14.0 

114. • 

1.4(7 

1.740 

10.000 

(1.2(9 

19.402 

2412.1 

-U4.  94 

1.323 

293.9 

20.4 

1.744 

299.9 

901. ( 

>11.4 

12  V. 4 

1.490 

1.747 

11.000 

M.UO 

I4.C9} 

2404.4 

•120.09 

1.209 

290.0 

27.7 

1.471 

904.2 

>21.1 

924.9 

1.412 

12.000 

74.139 

12.(09 

2941.4 

•W2,47 

1.297 

299.7 

27.1 

2.192 

30(.4 

>2>.2 

924.4 

1.429 

11.000 

(7.994 

11.414 

2942.7 

-12(«71 

1.224 

302.4 

24.4 

2.332 

309.1 

929.1 

924.0 

1.417 

14.000 

99.4(9 

1C. 427 

29(1,1 

•124.(0 

1.197 

304.1 

24.2 

2.904 

309.2 

324.7 

>91.0 

l.OAO 

19.000 

1(4.410 

4.974 

292(.4 

•127.49 

1.140 

307.0 

29.0 

2.409 

920.2 

>92.4 

1.494 

14.000 

111.214 

4.(24 

2907.4 

•124.30 

I.I4I 

309.1 

29.4 

2,074 

929.9 

994.4 

1.447 

17.000 

122.277 

4.174 

2(41.7 

•110.72 

1.114 

>10.9 

29.0 

3.040 

990.7 

>94.0 

1.474 

14.000 

111. 4(7 

7.(10 

2(74.4 

-111.47 

I.OtO 

312. 7 

24.7 

3.244 

991.0 

997. ( 

1.444 

14.000 

140.444 

7.110 

2(42.1 

•113.14 

1.004 

914.9 

24.4 

1.432 

992.0 

994.7 

1.491 

20.000 

144.4(4 

(.(44 

2((l.l 

•l!(.24 

1.040 

319.0 

24.1 

1.410 

399.0 

914.4 

1.444 

21.000 

194.190 

4.27) 

2(19,2 

-119.24 

1.917 

317.3 

29.9 

1.401 

334.4 

1(1.1 

1.404 

22.000 

1(4.774 

9.429 

2(22.4 

•114.27 

.999 

310.0 

29.4 

3.907 

339.4 

1(2.2 

1.411 

21.000 

114.234 

9.(11 

2(10.9 

•117.21 

.979 

319.9 

29.4 

4.149 

314.2 

1(1.9 

1.411 

24.000 

111.444 

9.124 

2144.4 

•114.10 

.999 

321.1 

29.2 

4.149 

934.0 

9(4.9 

1.422 

29.000 

197.1(1 

9.(72 

2147.9 

•114.99 

.939 

322.2 

29.0 

4.927 

917.9 

9(9.2 

1.427 

24.000 

2(4. 4(4 

4.440 

2174. T 

-119,74 

.917 

123. i 

22.0 

4.704 

910.1 

>44.1 

1.412 

27.000 

214.029 

4.(24 

2144.1 

-1(0,94 

.099 

324.4 

22.4 

4.477 

>90.4 

>47.0 

1.417 

24.000 

229.412 

4.434 

2199.9 

•1(1.20 

.012 

329.4 

22.4 

9.049 

999.2 

>47.0 

1.4(2 

24.000 

214.791 

4.240 

2](9.9 

•1(2.00 

.400 

320.3 

22.2 

9.210 

999.4 

>40.3 

1.4(4 

10.000 

244.0(1 

4.C47 

2914.1 

•1(2.00 

.490 

327.2 

22.1 

9.309 

>40.1 

144.1 

1.436 

11.000 

291.4(4 

3.449 

2124.0 

•1(1. 39 

.034 

920.1 

21.9 

9.999 

>40.9 

1)0.0 

1.03( 

>2.000 

2(4,194 

3.704 

2117.4 

•1(3.99 

.021 

929.0 

21.7 

9.749 

940.9 

>90.7 

1.434 

11.000 

274. 0(4 

1.494 

2104.2 

•i«(.OI 

•  000 

929.0 

21.4 

9.919 

>41.9 

>91.4 

1.042 

14.000 

219.947 

3.902 

2244.2 

-1(9.20 

.794 

390.0 

21.9 

4.124 

941.4 

>92.0 

1.043 

19.000 

244.1(4 

1.174 

2240.9 

-1(9.70 

.702 

931.3 

21.9 

4.317 

941.9 

992.4 

1.040 

14.000 

1(7. 1(4 

1.299 

2211.9 

-1(4. 3( 

.749 

132.1 

21.2 

4.900 

>42.1 

191.2 

1.072 

17.000 

111.232 

3.142 

2271.4 

-1(4.00 

•  790 

1J2.0 

21*0 

4.499 

342.4 

199.1 

1.073 

14.000 

324.294 

1.C97 

2249.4 

-1(7.41 

.744 

333.9 

20.9 

4.409 

342.4 

134.4 

1.0T4 

14.000 

940. Ilf 

2.430 

2297.4 

•1(7.92 

.739 

194.1 

20.0 

7.000 

342. • 

134.0 

1.042 

40.000 

391.4(4 

2.149 

22(9.9 

-140.(1 

•  729 

394.0 

20.7 

7.249 

341.0 

993.4 

1.04( 

41.000 

3(2.024 

2.790 

22(1.0 

•1(9.09 

.714 

199.4 

20.0 

7.499 

343.2 

>34.0 

1.047 

42.000 

371.020 

2.(79 

22S(.l 

-1(9.34 

.709 

330.0 

20.9 

7.447 

343.4 

134.3 

1.000 

41.000 

1(9.092 

2.947 

2220.9 

-1(9.02 

•499 

390.0 

20.9 

7.039 

343.4 

934.0 

1.009 

44.000 

194.247 

2.923 

2219.7 

•1<(.20 

.404 

997.2 

20.2 

0.011 

343.7 

>37.4 

1.003 

49.000 

4(7.997 

2.494 

2212.9 

-190.49 

.477 

397.7 

20.1 

0.207 

343.9 

137.0 

UOOl 

44.000 

414.029 

2.900 

2209.0 

-191.11 

.449 

390.3 

20.0 

••391 

344.0 

>31.1 

2.000 

47.000 

410.044 

2.129 

2190.7 

-191.93 

.440 

390.0 

19.9 

0.974 

344.1 

130.7 

2.009 

44.000 

441.949 

2.200 

2191.9 

-191.91 

.492 

999.9 

19.0 

0.790 

344,2 

>30.1 

2.003 

44.000 

491.024 

2.209 

2119.3 

•192.32 

.449 

999.0 

19.6 

0.940 

>44.  3 

>30.0 

2.007 

90.000 

441.011 

2.19* 

217I.O 

-192.70 

.097 

946.9 

19.7 

9.110 

344.4 

340.0 

2.010 

10.41S 

(0.040 

14.490 

2414.4 

-120.01 

1.102 

299.0 

27.9 

1.901 

293.0 

104.0 

320.3 

323.3 

1.430 

1.104 

•m- 
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MftESSURE 

SYSTEM  LlCUin  B1  Pf^OPELtANT 
COMPONE^r  IPEF  POPMULA 
CEG  K 

LCX  90.2  Q2 

RP-I  29ti 


PAAFILE  CATA 

PC  1000.  PSIA  PE  0.1  PSIA 

UEhSnv  HEAI  FPRP  MT.  0/0 

OM/CC  UCAL/FORH.WI. ) 

i.u  *i.oe  jt»b 

O.HO  -6.V2  ?7.b 


HULK  OtNSITV  «  I.O^I  GM/CC 

PlXTtAE  KATIO  «  ).AAA  LB  OXIOI/EK  /  Lb  Of  FUEL 


PRESSURE  profile  DATA 


CHAMbEK  ENTRCPY  252.26  EU/IOOGNS 


ChAttPEP 


THROAT 


FROIEK  EXPAKSICN 


PRESSURE! 

PSIA 

1COO 

396.  1 

156.5 

63.10 

25. 1? 

14.70 

10.00 

3.981 

1.565 

.631 

.251 

•  100 

560.7 

TEMPi  DEC 

X 

3676.2 

313b. 2 

2671.6 

2267.0 

1915.9 

1733.5 

161  l.S 

134/. 6 

1  1  19.2 

922.4 

753.  7 

610.4 

3329.4 

EMHALPV  1 

1-1 

16.56 

42.66 

63.22 

80.67 

95.46 

102.96 

107.93 

1 18.39 

12/.  1 1 

134.33 

140.25 

145.07 

34.16 

CP 

•  ASH 

.4440 

.4356 

•  4264 

•  4156 

•  4065 

.4031 

.3691 

•  3740 

.3583 

.3434 

.3290 

•  4470 

IPPUL  OPT 

144. 76 

197.05 

232.42 

258.62 

270.9/ 

278.80 

294.6/ 

307.27 

317.32 

325.34 

331.7? 

116.41 

IPPUL  VAC 

217.31 

242.42 

265.05 

263.41 

292.38 

298.  15 

309.96 

3  19.46 

327.05 

333. C9 

337. H7 

212.11 

EPSILCN 

I.C67 

1.6/7 

3.031 

5.762 

6.534 

1 1.332 

22.521 

45.056 

90. 315 

I80.H0I 

360.757 

1.000 

SHIFT IHU  EXPAKSICN 


PRESSLHCt 

PSIA 

1000 

198. 1 

ISb.S 

61.10 

2S.I2 

10.70 

10.00 

l.Vhl 

l.ses 

.611 

.261 

.  100 

677.0 

TEPPt  OEC 

K 

J67t.? 

3000.9 

HS9.0 

2903.7 

2709.1 

2601.8 

25/1.0 

2000.0 

220S.1 

2088. S 

1927.8 

I7S1.8 

1607.6 

ENTHALPY  I 

I-l 

ie.se 

01.32 

6S.7I 

86. OS 

100.62 

110.70 

121.63 

117.21 

ISI.SS 

160.70 

176.72 

187.61 

11.60 

X  PAR 

1.871 

1.776 

1.687 

1.606 

1.S28 

1.087 

3.459 

1.19S 

1.139 

1.290 

5. 761 

1.220 

1.811 

N 

1.P7I 

1.776 

1.687 

1.60S 

J.S2H 

1.087 

5.459 

1.3VS 

1.119 

1.290 

3.261 

1.270 

I'.aii 

CP 

1.7008 

1.7016 

I.70S5 

I.7IS6 

t.6SC0 

I.S909 

1.5477 

1.0060 

1.2131 

1.0310 

.8106 

.6061 

1.7109 

IPPUL  OPT 

106.70 

202.08 

202.27 

271. S9 

289.17 

299.4  1 

121.27 

100. 1 1 

1S6.S1 

370.91 

181.09 

1  10.06 

IPPLL  VAC 

222.37 

2S2.2I 

280. to 

100. 2S 

116.71 

325.08 

103.20 

1S9. 17 

171. 19 

38S.62 

196.20 

215.08 

EPSILON 

I.U86 

1.791 

1.029 

6.970 

10.717 

14.6/2 

1 1 . sio 

68.710 

ISO. 921 

512.138 

728.389 

1.000 

CQHPCSiriON  SHIFTING  iPCL/lOO  UP) 


170.89 

c 

•  ccoc 

•ccoo 

•  0000 

•  OOCO 

•  COCO 

•  0000 

•  OCCC 

•  0000 

•  OOCO 

•  0000 

•  0000 

•  0000 

•oooc 

142.0C 

C»H 

•  cooc 

«cccc 

•  0000 

•  0000 

•ooco 

•cooo 

.0000 

•ccoc 

•  OOCO 

•  ooco 

•ooco 

•  0000 

•  0000 

-2.9C 

.0003 

•  0001 

•  0000 

•  0000 

.0000 

•  0000 

.0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0002 

E7.0C 

C*H2 

•  ccoo 

•  0000 

.0000 

•  0000 

.0000 

.0000 

•  0000 

•  0000 

.0000 

•ooco 

•oooc 

•  0000 

•  OOOO 

-27. 7C 

C«H2*0 

•cooo 

.0000 

•  ocoo 

.0000 

•ooco 

•  0000 

.0000 

•coco 

•  0000 

•  0000 

•  0000 

•  0000 

•  COOO 

31.94 

C«H3 

•ccoo 

.ccoc 

•  occo 

•  ocoo 

•ooco 

.0000 

•  0000 

•  0000 

•  ooco 

•  0000 

•coco 

•  OOOO 

•  OOOO 

-17.89 

CiliM 

•  0000 

.0000 

.0000 

•  0000 

•  0000 

•  0000 

.0000 

•  OOCO 

•  0000 

•  0000 

•  0000 

•  0000 

•  OOOO 

-26.42 

C«0 

.7850 

.6948 

.6039 

•  5135 

.4248 

.3746 

•  5392 

•  2581 

•  1851 

•  1162 

•  0609 

•  0219 

.7313 

-94.05 

C*C? 

•  8244 

•  9147 

I.0C57 

I.096I 

1.1848 

1*2550 

1.2704 

I.351S 

1.4265 

1.4934 

l•54H7 

U5877 

•  8761 

199.CC 

C2 

.COOO 

•occc 

•  OCOO 

•  cooo 

•ooco 

•  COOO 

•  0000 

•  CCOO 

•  0000 

•  0000 

.0000 

.0000 

.0000 

112.10 

C2«H 

•  0000 

•  0000 

•  0000 

.0000 

•  oooo 

•  0000 

.0000 

•  0000 

•  nooo 

.0000 

•  0000 

•  OOOO 

•  OOOO 

54.19 

C2«H2 

•  ccoo 

•ooco 

•  0000 

•  0000 

•  0000 

.0000 

.0000 

.0000 

•  0000 

.0000 

•cooo 

•oooo 

•  OOOO 

12.5C 

C2*H4 

•  cooo 

.0000 

•  0000 

•  0000 

•  0000 

.0000 

•  0000 

•  0000 

•  0000 

.0000 

•  0000 

.0000 

•  OOOO 

189.70 

C3 

•cooc 

•occo 

•  0000 

•  0000 

•  0000 

.0000 

.0000 

•coco 

•  OCOO 

.0000 

•  ooco 

•  oooo 

•  oooo 

242.30 

C4 

.0000 

•  0000 

•  0000 

•  0000 

.0000 

•  0000 

.0000 

.0000 

•  0000 

•  0000 

.0000 

•  OOOO 

•oooo 

52.  1C 

H 

•  C770 

•  0611 

•  0476 

.0363 

•  0268 

•0221 

•  0190 

•  0126 

•  0076 

•  0040 

.0016 

•  0004 

•  0672 

9.33 

H»P 

.3520 

•  2882 

•  2517 

.1H24 

.1199 

•  1182 

.1039 

•  073R 

•  0492 

•  0299 

•  0157 

•  0065 

•  3131 

.GO 

H2 

.1411 

•  1251 

•  1062 

•  0905 

•  0756 

•0674 

•  0617 

•  0466 

•  0362 

•  0246 

•  0143 

•  0060 

.1303 

-57.60 

H2»0 

1.2160 

1.2740 

1*3259 

1.3720 

1.4127 

1.4542 

1.4486 

l•4e(;o 

1.5072 

1.5S02 

1.5489 

1.5624 

1.2515 

59.56 

C 

.  1080 

•  0821 

•  0609 

•  043V 

•  0305 

•  0241 

•  0202 

•  0124 

.0069 

•  0055 

•  0015 

•  0003 

•  0920 

•  00 

02 

.3669 

•  33/6 

•  3C5G 

.2699 

•  2531 

.2113 

•  1956 

.1583 

•  1222 

•  0887 

.0598 

•  03H6 

•  3498 

258* 


1.0CC 

?.GCC 

^.CCO 

M.OCO 

s.occ 

6.CCC 

r.occ 

b.OCU 

4.CCC 

10. CC2 
( I.OCC 
I7.OC0 
)3.CCC 

lh. Li.: 

i^.ccr. 

Ifl.OCO 
1  7.0CG 
le.ccc 
t^.ccc 

7C.OCO 

;>.ccc 

??.ccc 

21.CCC 

25. cri. 

26.  cc: 

2/.CCC 

;4.gcc 

3c,oec 

11. CCC 

12.  ecu 

li. CCC 
16.CCC 

u.oco 

ir.occ 

ie.ee: 

14,CCC 

eo.oco 

ei.ccc 

62. ee: 

63. CC0 

><6.oc: 

63. eee 
•e.ecc 
6^ec; 
ee.cco 

64. ece 
<>0.0:3 

6.^16 


l>{  19  9  P^|« 


I, COO 
i.ru 

e.4t  1 
ih./ie 
2b.  1C  I 
•1.  Ib2 
bl.9e2 
12.061 
62.620 
M.;i6 
»6.  vll 
«6.  126 
ICf.2Sb 
)20.9<2 

ur.iii 

Uu.H)*! 
Ub.e  I  r 
!>■«•. 61  2 
2r2,112 

2  16.214 
2*!;.lb? 
26 l.i.  I 

r 

26C.-CC 
1C  2.2:6 
121.2^9 

lbU.l62 
11 2.br2 
l?b.ll2 
161. 6M 
6C«.a  I  2 
626. Cbe 
66  J. 269 
663.366 

61/.1-J 

666. 

«  12.  >26 
126. 2>6 
S66.<lu 
'.M.ltl 

<><6.126 
611.662 
610. cai 
666.62  > 
66«.  I‘>6 
6f'V.066 
ICv.M 
i;6.  HO 
6e.C66 


ICQC.UCC 
16C.M2 
m.'if'j 
61.621 
6l.l'>0 
1C. >21 

21. '•u 

16.2C>‘ 
16. 02  I 

> l.*Sr 
I).P2  2 
tC.bCl 
V.2  Iv 

1.6t.6 

6  I 

6.216 
6.f22 
1.  *C*. 


CUtll'  etPbOPIlLANT 

CC'bbflKFKT  ..  Utf  FaUKUli 
t 

Li  t  60.2  02 

C»HI.9^3 

r  6Uh 

lEbP  6KU6LP6  CV  C612  I 
i  It  K  RC.A1/IC0CH  Ob  I'fO 
1626.2  -IH.S9  .b'kl 

1124.6  -.^56.16  .bbr  tt< 

2M2.2  -66.26  .611  2li 

-1-0.6!  .b/r 
2Kb. H  •ft, hi  .622 

I9t'n.b  -w2.6l  .6lM 

teVF.F  -46.22  .6IS 

-v».2r  .61? 

>222. •>  -KI.IC  .61(1 

IMb.C  -)C1.46  .6C2 

16*6.2  -KS.-ll  .6^3 

>62».6  -KF.6J  .606 

-Kb.i#  .6C2 
166). <  -IK. 16  .bOC 

l62->.2  -MI.U  .12? 

Ibll.F  -117.63  .142 

lb/1.2  -IM.bb  .126 

>630.6  -116.16  .196 

•M3. 2C 


PC  iCLC.  P6U 
OF/tSlir 
C»2CC 
1.16 
?.«c 

CibAHSln-. 

•  66«l.<:  ft/<IC 
(**•1  OflVAL  (CLVAC  I  SU 


htAI  Mn* 
(KLAL/1  I'Uk  . 
-l.Oe 
•0.4? 


•.233 
*.Cbf 
2.  216 
2. 14/ 

r.ifc 

2.331 
2.661 
2.  lb 
2.261. 
?.l/i 
1 

>.  <6  1 
1.-90 

■  .HI 
>.//* 
I./26 
1.6/6 
t.dK 
1.39/ 
t.3bC 

1.66  I 
».6>C 
>.!/» 
■6.696 


I6L«. I 
»14f.l 
I  1/2.6 
I  13*-.  0 
)ib:.2 
I  1.3.2 

■ » n .  c 
12'./. 6 
■296.3 
12/7.1 
■?e;,l 
l2b->.9 
U  1-.3 
122/. f 
■2I/.3 
>?:/.- 
•  t9«.b 
<  l9?.  6 
MiC.b 
>>/?.> 
Mb'. 9 
I  ISb.*. 
M6^.1 
I  ■6g.« 
»1}1.3 
I  ><6«S 
Ml*.*. 
MI2,4 
I  U6.6 
I  >rc. » 
I0<2  5.9 
Kk/.K 
Ml*. 6 


I  13.9 

-  Mb./? 
•M/.b2 

-  M'.*!/ 

-  Mb. or 

-  I  M.?/ 

-  I  19. rl? 

-  I.-.  16 

-  l2t.-6 

-  ■/>. 1/ 
-l<>.// 
-  l22,2& 
-122.6. 
•121.  l2 

-1.1. 6g 

-l.l.// 
-126. >j 
♦.l.i6.6/ 
-iib.bC 
•123.12 


•  l.b, It 

•  126.3. 

•  l/b,66 


.  191 
.  1.2 
.19  1 
.  12C 
,  139 

.  ire 
.  IrT 
.  lib 
.lr6 
.  Ia6 

.  1t16 

.  lol 
.  1"2 
.  Ic2 

CibC 
.  IrO 
.  1/9 
.1/b 
.  1/9 
.1// 
.1/7 

.1/ft 
.1/ft 
.1/3 
.1/3 
.  1/b 
.  1/6 
.  1/1 
.  </1 
.1/2 
.1/2 
.6t" 


212. ■ 
266. 

231.' 
?69.- 
266.- 
26V. 
2/2. < 
2/3.' 

2/r.' 
7eC. 
7X2. 
Pbb. 
?r3.- 
2H/. 
7Br.i 
/A-,.- 
291. 
297. - 
741.; 
296.: 
796.  ' 
?9t.l 
29/..' 
29  / .  • 
?9r.  - 
246. « 


96./ 
19./ 
S2./ 
?■•/ 
26.2 
26.6 
21.0 
?>.  » 
21.0 
2t.2 
19.3 
l/.o 
le.s 
Ir.C 
I/.  3 
W.2 
16. •• 
16. S 
10.2 
13.  i 
16./ 

13.7 
16.0 
16. •• 
>6.3 
■  b.6 


)  l.H 
■  1.6 
11.'. 
11.6 
>1.2 
>1.  I 
>  1.C 

■  2.9 

■  2.  1 
■  2.  / 
■  2.6 
■  2.') 


1C/.6  <2.1 


IP 

.1/1 
.160 
.616 
./>9r 
.H69 
t.0?3 
I ,  IVw 
l.l/< 
1.31/ 

i./cv 

1. -/V 

2. '‘62 
?.7?9 
2.6C/ 
7.6I-. 
?.//  I 
2.91/. 
•.  ft.< 
1.2// 
1.661 
*.6C3 
•.//I 
•.?1I 
6.  I  13 


I  «L 

/'■'V.O 
/bb.9 
23/. < 
21.1.1 
2  3/.1; 
tfftV.  1 
2/1.. b 
//'>.  4 


6.6*3 

b.'*br 

3.011 

6.212 

3.19/ 

3.6/C 

3./bt 

3.221 

/..2rb 

t.bM 

6.39/ 

e./64 

ft.v2t 

l.'.tt 

/.21) 

/.lb6 

/.3l3 

/.*r/ 

/."6/ 

•’.966 

r.?2/ 

•.bi: 

■*.391 

l.bS/ 


21... b 
?b0.3 
26V.4 
260. b 
7/0.1 
2/1. c 
2/)./ 
2/6.2 
2//./ 
2/r.1 

7  /-.  1 


I  261  Cf  S/A  C/ 


2M,a 
7b9.‘j 
231.4 
2/2. b 
Hi-,/ 
2'‘},t 
2'3.4 
/rtb.o 
29C,3 
/J?.- 
?K.b 
2#‘,.  / 
7K.  I 
2?r.C 


2*2. I 

2‘jt:.l 
26b./ 
iU.t, 
2/9./ 
?9h.  ‘ 
23r.O 
291, i, 
291.3 
293.  / 
29/, 6 
24  V. 2 


I'M./ 
1'.7.  1 
1'/?.  / 


LVl 

>.??“ 
I.bl3 
).3<i/ 
l.'ibl 
■ .  36» 
1.3// 
1 . 3''b 
>.31/ 


1C3.3 
iCft.u 
IC/.I 
lOr-.  I 

lC«f,9 

tCV./i 
1IU.1 
lie.  » 

111.3 
112.  I 
112.  / 
Ml. 7 
Ml,/ 
1  U.2 
Mb. ft 
1)3.  1 

113.3 
M3. 9 
M6.  1 
Mb,  6 
II/. C 
M/.* 


1.0.7  llr.l 
Mb.?  Me. ft 
Mb.  I 
M4.2 
M/,b 
1)9.  / 


l.2bl 
I  .6  6-) 
1,33  1 
>.(,01 
I.MV 
l.6bft 
l.Ob/ 
I .  /O*. 
1./7L 
I,  / 12 
I .  /b  1 
I./31 
I  ,  /ft.2 
l.//f, 
I,/// 
I  .  /Mb 
I ,  /9f. 
I.  /9j 
1  ,  -  oO 
>.►03 
■  ,>  It 


l.r  72 
■  .•?■) 
I.-2V 


>.-^6  1 
l.'%bi 


7/1. C  2//. 6 


170.7 
i?:.3 
i?c.  / 

297. b 


PC/P  P  911* 


I.CCt 

2.0C0 

i.OCO 

6.0CO 

6.CC0 

6,eec 

/.Osv 

e.ccc 

9.ces 

1C.0CC 

M.oeo 

I2.CCC 

IS.flCC 

u. occ 
16.000 
16.000 
l/.CCO 

le.ccQ 

i9.oeo 

20. eec 

21. CCC 

22. oca 
23.0ca 
?«.oco 

26.0CO 

26.CC0 

;r.oeo 

26.CCC 

29.0CO 

JO.OCO 

SI.OCO 

32.0CO 

!9.CC0 

ib.oco 

S6.0C0 

i6.oec 

l/.CCO 

se.cco 

39.0C0 

bO.OCO 

6I.CC0 

b2.0C0 

63.000 

bb. OCO 
66.CC0 
66.OC0 
67.0CO 
bO.OCO 
69.0C0 
60.0C0 

10. n/ 


I.CC  ) 
I./?/ 
/./1C 
16. Ob  / 
19. /36 
26. /b9 
•1.329 
bC.tt6 
b/.6/C 
36.01 
(2.3(9 
/C.29I 

/e.ic/ 

(o.s-i; 

4b. 329 
irj./vo 
IM.bCl 
I7C. I3P 
129. C!C 
I!/. 99/ 
tb/.cir 
>66. 1!0 
>66.233 
>96. 196 
1el.3!6 
192.636 
2C1./31 
210. act 
219. ei6 
226. /69 
2!/. 666 
266. b9« 
236. ee> 
266.93/ 
2/6. >2i 
2e6.!3/ 
296.661 
1C6.949 
11/.14? 
iil,eih 

lie. 2(9 

ibe,/// 

J39.2P6 

K4.6C/ 

!e0.3!6 

Jio.eti) 

6C  >.  iva 

6l I.4C2 
622. bC1 
637. «e> 
661.31/ 
66.066 


ICCt.COC 
3  //.  166 
■  24,  /Jr 
/ 1. 19  I 
3C,322 
1/. 1P6 
74,*?-> 
2b. /VO 
?i.:oo 
IP.  l/r 
■3.9// 
>6.776 
12. //C 

■1.3/6 

10.3/9 
9./?4 
9.11*, 
ft. 122 
/.  /3C 
».2b/ 
6."0  ■ 
e.bcs 

(.031 
3./36 
3.669 
3.  19  I 
6,93  7 
b./bb 
6.369 
6.1/1 
6.70P 
6.03/ 
*.9C« 
3./6C 
1.622 
1.642 
1.171 
1.737 
1.131 
3.030 
7,936 
2,667 
2.7R3 
2.706 
2.629 
2.3^/' 
2.691 

2,62f‘ 
2. 16/ 
2.110 
2.736 
16,696 


((Oft' 

16/6.7 

13C/.3 

1116./ 

?9t2,6 

?e9a,6 

7bj(-.l 
?/e/,9 
?/6r.  1 
7/u.e 
76r3.i‘ 
766C. 1 
2t{/.  / 
761/. 2 
239ft,  / 
73M./ 
7366,'? 

2331.6 
23l/.e 
2323. » 
2311. 2 
23C1.9 

2691. 1 
26(1.  I 
26/1.3 

7662.6 

2633.6 

2663.2 
261/. 2 

2629.3 
7622. 1 
7616.9 
?6C(i.0 
26C I . 6 
7)96.9 
71P(.7 
2  3(2,7 

7376.8 
2371. > 
7)63.6 
736C.7 
2133.0 
21b9,9 
7363. 0 
7S6C.2 

2333.3 
2)3C.9 

7326.6 
2)22.9 
7)17.7 

2313.3 

2379.6 

2663.8 


(ST)  blftV 
't*c/ 

•  l",3r 
•11.66 
•64. ft/ 
-62.  IS 

•  9C.1‘> 
-9*. 1C 

-ICO.M 
-  1/6. /« 
•1C/,91 
•>■''. /t 
•lit. ■ 1 
•M3.7v 
•M/.76 
•I  t9.0t 
-■/0.62 
-I??. 1C 

-  l4l.6f! 

-  ■26.7/ 

•>/').// 

-  l2/,0« 
- >2ft. *3 
-179.13 
•110. tc 
-llt.OC 
-111. 83 
-112.6/ 
-111.63 
-116.20 
-116.9) 
->33.60 
-116.26 
-I36.9C 
-117.31 
-ise.K 

-IIP. 66 

•  119.23 
•139,7/ 
-I6C.79 
*>60.79 
-161. 7« 
-I6t.73 
-162.72 
•162.67 
-161.  K 
-161.33 
•>61.96 
->66.13 
->66.76 

•  163. M 
•163,31 
-163. 8« 
•M6.7C 


3’6)i 

CP  C6t/  I 
<26  C.((. 

■  ,fC3 
1.711 


‘.-litlM,  IsPtKSins 


1.706 
l.6«3 
1.66  7 
■  .63/: 
1.616 
l.ftio 
).«03 
1.341 
1.379 
1.367 
1,333 
1.366 
1.311 
1.3/1 
1.31) 
1.306 
1.643 
I.6M6 
1.6/7 
1.669 
1.661 
1.63) 
1.663 
1.61H 
>.611 
1.62) 
1.617 
1.610 
1.60$ 
1.19? 
1.19) 
l.lflS 
l.)/9 
1.175 
l.)66 
1.562 
1.537 
l.5?l 

I.S66 

1.561 

1*116 

1.131 

1.326 

1,321 

1.117 

1.31? 

1.907 

1.393 


I  16.6 
2M.I 

733.9 

769.9 
260.  I 
26/.  7 
771.7 
27-. <1 
2"1.l 

286.3 
7/C.  I 
291.0 
293,* 

297. 4 
IOC.  I 

502.1 

101.9 

103.6 

107.2 
lOr.7 
5IC.2 
1M,3 
H2,7 

111.9 
513.0 

516.  I 

517. ) 
5IN.  I 

519.1 
520.0 
120, P 

171.7 

122.3 

123.7 
176.0 

526.7 

123.6 

126.1 

126.7 

177.5 
128. C 
12H.6 
579.  I 

172.7 
55C.2 
95l'.5 

551.1 

151.8 

557.5 
312. H 

289.2 


.■7> 

.13ft 

.330 

.71C 

.•9/ 

I.C64 

1.723 


73.2 
26,9 

76.6 
26.1 
26.0 
7).M 

73.6 

73.6 

23.7 
73.0 

77.8 

22.6 

72.3 

22.  1 

72.7 
72.0 

21.9 

21.8 

21.7 

71.3 

2t.6 

71.5 
21.2 

71.1 

71.3 
7G.9 
70. H 

20.7 
7C,6 
7C.6 

70.3 

20.6 

70.3 

70.2 

70.7 
77.6 


2  ■7.9 
232.1 
267. g 
7/3.6 

2'h.h 
7'“  1.9 
7n6.b 
29t.l 
7t  ft. 6 
264, g 


76V. b 
22'. 6 
7Pb.b 


79'^. 6 
746.') 
?4/./ 
29ft, 2 
79r.3 
7  9*.,/ 


713. 7 

?vr.o 

2/6.  I 
7''6.6 
797.  I 
2//.  / 
1u7.  1 
i;i6.c 
1C9.  ) 


1.873  2(9.2  29/. 3 


M  t 
Mb.? 
Mb. 7 
MP.  > 
M9,7 
171.7 
172.3 
1/1.  / 
)7b.ft 
173. •• 
576, ft 
1/7,6 

178.6 
1/9.  I 
129. ri 
110. '> 
Ml.  I 

111.6 

117.2 

117.7 

115.  I 

111.6 

116.  C 
116.6 

516.7 
113.0 
113.  1 

113.3 

113.8 
116.0 

116.7 
116. b 
116,6 

116.8 

316. '/ 

317. ) 
317.7 

117.6 

117.3 

317.6 
137.  7 

313.3 


2  K.'j 

73/. 6 
?7>».  t 
293. ft 

291.6 
?44.( 
lCll.6 
iCB.b 
Ml.r 
Mb. ft 
M/.b 
119. ft 
>21.9 
373./ 
123.  / 

377.1 

129.  ft 

110.2 
SM.3 
317. ft 
13b. C 
133.  I 
136.  ■ 

117.1 
Hft.C 
11(1.4 
11/. ft 
IbO.r 
)bt.b 
167.  I 
162.9 

161.6 
16b. 2 
1bb.4 

163.3 
366.  1 

166.7 

167.1 

167.8 

168.6 

168.9 
36/. b 
Sb9.  / 

135.3 

130.  ft 
331.7 
331./ 
337,  I 

332.3 
33/. 9 
Mb./ 


I.2M 

l.bb? 

1.326 

1.3/6 

l,6C1 

1.622 

1.616 

1.666 

).6b9 

1.632 


1.71/ 
l.b// 
l.'>/2 
.613 
l.ft/B 
>.  /I2 
),/19 
■  •  /62 
1.792 

■  .//4 
I  .r  lb 
1.ft2ft 
l.ftbC 
l.*'31 
l.ftti 
l,»  /f 
1.ft79 
I  .nn/ 

■  .>'9'> 
■ .  vO/ 
1.40ft 
1.413 
1.4/1 
1.976 
1.932 
1.91/ 
1.9b2 
1.96ft 
1.931 
1.433 
1,939 
l.'/tl 
l.9ri/ 
1.9/1 
1.9/6 
>.9/e 
1,981 
1.986 


1.496 

1.49/ 

1,99V 

/.to? 

/.t03 

7.C0/ 


MESSUDE  EROFILE  0«T* 

SVSTEF  LICUIO  StPRaPELLANT  PC  100.  PSIA 


COMPQKENT 

TREF  FORMULA 

DENSITY 

HEAT  FORM 

wr 

DEC  M 

CN/CC 

iRCAL/FORMoHTo 

) 

LOX 

40.2  02 

UU 

•3.00 

60 

RP-l 

240  C«HU4S) 

0.00 

•6.42 

4C 

EULK  CENSITY  •  .074  6M/CC 

PIxruEE  RATIO  •  t.SOO  LO  OXIOIIER  /  Lt  OF  FUEL 


PRESSURE  PROFILE  DATA 
CPAMOER  ENTROPY  106.9T  EU/IOOCMS 


CHAMBER 

PRESSUREi  PSI/I 

100.0 

125.7 

52.66 

TEMPI  OEG  K 

2442.1 

2029.8 

1671.1 

ENTHALPY  l-l 

25.98 

47.40 

65.45 

CP 

.53C8 

.9168 

.5C03 

IMPUL  OPT 

137.78 

186.25 

IMPUL  VAC 

209.77 

230.18 

EPSILON 

1.040 

1.915 

PRESSURE*  PSIA 

300.0 

125.7 

52.66 

TEMPI  DEC  K 

2442.1 

2041.8 

1693.6 

ENTHALPY  1-1 

25.98 

47.48 

65.70 

X  BAR 

5.661 

5.657 

9.656 

N 

5.661 

5.657 

9.656 

CP 

.5790 

.5315 

.5166 

IMPUL  OPT 

138.01 

186.83 

IMPUL  VAC 

210.18 

231.19 

EPSILON 

1.C42 

1.921 

170.89  C 

.OCCO 

.0000 

.ocoo 

142.00  CoN 

.OOCO 

.0000 

.OCOO 

•2.90  C«H<e 

.0009 

.0001 

.ocoo 

67.00  C>H2 

.OOCO 

.0000 

.OCOO 

-27.70  C*H2<0 

.OOCO 

.0000 

.OCOO 

31.94  C>H3 

.OOCO 

.0000 

.OCOO 

-17.89  C>H4 

.OOCO 

.0000 

.OCOO 

-26.42  C*B 

2.70C4 

2.6711 

2.6242 

-94.09  C*02 

.16C1 

.1904 

.2371 

199.00  C2 

.OOCO 

.0000 

.OCOO 

112.10  C2<H 

.OOCO 

.0000 

.OCOO 

54.19  C2>M2 
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14.000 

44I.0C9 

.440 

*34.7 

-120.99 

2*7.9 

13.3 

19.49) 

301.0 

1.414 

17.000 

499.4*4 

.494 

434.1 

•120.47 

2*7.9 

13.9 

20.47) 

301.4 

1.414 

11.000 

470.499 

.*)) 

434.9 

-121.19 

244.3 

13.4 

21.034 

301.1 

1.420 

39.000 

4*9.910 

.*17 

*19.0 

•121.42 

2*4.4 

13.4 

21.441 

302.1 

1.423 

40.000 

9C1.049 

.999 

*33.9 

-121.44 

249.1 

13.3 

22.223 

302.4 

1.429 

41.000 

914.2*9 

.941 

432.0 

-121.93 

249.9 

13*3 

22.910 

302.4 

1.427 

42,000 

9)1.921 

•  944 

430.4 

'122.14 

249.9 

13.2 

23.399 

301.1 

1.429 

41.000 

944.421 

.949 

429.2 

-122.42 

290.3 

13.2 

23.9*0 

303.4 

1.430 

44.000 

942.1*4 

•  934 

427.9 

•122.49 

290.4 

13.1 

24.944 

303.7 

1.432 

49.000 

977.937 

.919 

*24.4 

-122.44 

290.9 

13.1 

29.147 

304.6 

1.334 

44.000 

992.937 

.904 

429.3 

-123.10 

291.1 

13.0 

29.729 

304.3 

1.434 

47.000 

*C4.)!7 

.493 

424.1 

-123.31 

291.4 

IS.O 

24.911 

304.4 

1.437 

41.000 

*21.791 

.411 

422.9 

-123.92 

291.9 

12.9  24«t90 

304.4 

1.439 

49.000 

419.192 

.449 

•21.7 

-123.71 

292.2 

12.9 

27.444 

309.1 

1.441 

90.000 

*94.477 

•  494 

420.4 

-123.93 

292.9 

12.9 

24.049 

109.4 

1.442 

1.119 

20.414 

14.494 

1240.9 

•44.49 

.919 

231.0 

2T.I 

1.449 

211.0 

2)9.1 

214.9 

234.1 

1.393 

1.997 

•tei* 


t 


P*E$$Ulie  PPSFtLC  DAT* 

SYSTEM  LICUIO  SIPKSPELUNT  PC  SOO.  PSU 


COMPONCMT 

TREF  FaRHUL* 

DENSITY 

HEAT  F8RH 

WT 

DEG  R 

CH/CC 

IKCAL/FBRN.NT. 

) 

LOX 

90.2  a2 

I.IA 

-S.OB 

6S 

RP-l 

29a  C*Hl.9SS 

O.BO 

-6,92 

19 

(ULK  CENSITY  •  .992  GM/CC 

MIXTURE  R«Tia  >  l.aST  LB  aXIOItER  /  LB  ap  FUEL 


PRESSURE  PRSFILE  DAT* 
CPAMBER  ENTRBPY  EBB.ES  EU/IOOGMS 


CHAMBER 


TMRBAT 


FRBEEN  EXPANSI8N 


PRESSURE, 

PSIA 

300.0 

125.7 

52.66 

22.06 

14.70 

4.244 

3.B73 

1.623 

.600 

.285 

•  114 

•  090 

166.9 

TEMP,  DEG 

K 

306S.2 

2587.9 

2174.6 

l«U.7 

1669.a 

1912.3 

124B.9 

1023. S 

011.0 

670.5 

916.4 

426.9 

2736.8 

ENTHALPY  1 

-I 

23. SB 

AB.09 

6B.72 

06.02 

93.09 

100.49 

112.41 

122. 2S 

110.20 

136.7B 

142.00 

146.17 

40.55 

CP 

.S1S3 

.5050 

.4927 

.4707 

.4712 

.4620 

.'.450 

.4277 

.4106 

.3955 

.1030 

•  3749 

.5086 

INPUL  8FT 

19*. 01 

19S.15 

233.06 

245.90 

290.94 

277. 9B 

292. 9T 

104.66 

313.81 

120.47 

126.97 

121.48 

INPLL  VAC 

222.97 

245. BO 

246.44 

275.39 

201.44 

297.49 

308.14 

116.92 

323.09 

120.21 

132.24 

219.30 

EPSILaN 

1.045 

1.544 

2.621 

3.424 

4.600 

8.596 

15.952 

24.790 

55.585 

101.764 

141.941 

1.000 

SHIFTING  EXPANSIBN 


PRESSURE,  PSI* 

300.0 

125.7 

52.66 

22.06 

14.70 

4.244 

3.873 

1.623 

.680 

.285 

.119 

.050 

170.3 

TEMP,  DEG  R 

3068.2 

2688.7 

2314.2 

1563.5 

1813.4 

1694.1 

1391.7 

1173.1 

994.6 

aso.9 

754.1 

719.0 

2821.1 

ENTHALPY  1-) 

23.58 

48.46 

69.92 

88.21 

95.76 

101.66 

116.65 

127.60 

136.84 

144.71 

151.50 

157.67 

40.17 

X  BAR 

5.023 

4,978 

4.557 

4.950 

4.949 

4.444 

4.949 

4.949 

4.949 

4.946 

4.901 

4.789 

4.990 

N 

5.023 

4.978 

4.557 

4.950 

4.949 

4.444 

4.M9 

4.949 

4.949 

4.946 

4.905 

4.912 

4.990 

CP 

.8056 

.6492 

.551* 

.5083 

.4999 

.4490 

.4959 

.5079 

.5303 

.5904 

3.2582 

4.9001 

.6979 

IMPUL  OPT 

147.10 

200.78 

237.12 

250.58 

261.44 

284.55 

300.81 

313.90 

324.62 

333.59 

341.54 

120.13 

IMPUL  VAC 

225.76 

250.17 

272.56 

281. S4 

240.79 

305.47 

317,49 

327.45 

335.82 

343.17 

350.26 

221.45 

EPSILON 

1.052 

1.576 

2.699 

3.541 

4.679 

9.080 

17.280 

33.509 

66.125 

134.865 

292.915 

1.000 

COMPaSITIBN  SHIFTING  IMBL/lOO  CHI 


170.89 

c 

.coco 

.0000 

.ocoo 

•  0000 

.8000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

142.00 

COM 

.ooco 

.0000 

.ocoo 

•  0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

-2.90 

COHO* 

.00C5 

.0002 

.OCOl 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0003 

67.00 

CoH2 

.ooco 

.0000 

.ocoo 

•0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

-27.70 

COH2O0 

.ooco 

.0000 

.OCOO 

•  0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

31.94 

CoHl 

.ooco 

.0000 

.OCOO 

•  0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

-17.89 

CoH4 

.ooco 

.0000 

.ocoo 

•  0000 

.0000 

.0000 

.0000 

.0000 

.0001 

.0015 

.0217 

.0183 

.0000 

-26.42 

coa 

2.1941 

2.1701 

2.1371 

2.0672 

2.0565 

2.0145 

1.9129 

1.7778 

1.6116 

1.4260 

1.2379 

1.0083 

2.1791 

-94.05 

coa2 

.3092 

.3335 

.3667 

•  4166 

.4473 

.4893 

.5910 

.7261 

.8922 

1.0763 

1.2395 

1.3536 

.3244 

199.00 

C2 

.ooco 

.0000 

.ocoo 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

112.10 

C2oH 

.ooco 

.0000 

.ocoo 

•  0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

54.19 

C20H2 

.ooco 

.0000 

.ocoo 

•  0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

12.50 

C20H4 

.ooco 

.0000 

.ocoo 

•  0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

189.70 

C3 

.ooco 

.0000 

.ocoo 

•  0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

242.30 

C4 

.ooco 

.0000 

.ocoo 

•  0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

52.10 

H 

.1034 

.0454 

.0136 

•  0026 

.0010 

.0003 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0*28 

9.33 

H#0 

.0390 

.0120 

.0C22 

•  0002 

.0001 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0191 

.00 

►  2 

1.1*88 

1.2035 

1.2473 

U)017 

t.3332 

1.3754 

1.4773 

1.6124 

1.7783 

1.9581 

2.0560 

2.0615 

1.1899 

-57.80 

H2oe 

1.2068 

1.2127 

1.1897 

U1416 

1.1113 

1.0694 

.9677 

.8326 

.6666 

.4839 

.3456 

.3469 

1.2140 

59.56 

a 

.0020 

.0003 

.ocoo 

•0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0006 

.00 

82 

.00C9 

.0001 

.OCOO 

•  0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0003 

.00 

C/C 

.ooco 

.0000 

.0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0047 

.1236 

.0000 

-2M- 


1.000 

2.000 

1.000 

4.000 

1.000 

4.000 

r.ooo 

1.000 

4.000 

10.000 

11.000 

12.000 

IJ.OOO 

14.000 

14.000 

u.ooo 

17.0UQ 

11.000 

14.000 

20.000 

21,000 

22.000 

21.000 

24,000 

2S.OOO 

24.000 

22.000 

24,000 

24,000 

10.000 

il.OOO 

J2.000 

31.000 

34.000 

34.000 

14,000 

32.000 

34.000 

34.000 

•0,000 

•l.OOO 

42.000 

43.000 

44,000 

44,000 

44.000 

42,000 

44.000 

44.000 

40.000 

3.424 


9tl9 

I.OCO 
1.242 
4.4  34 
14.2*2 
24.742 
14.244 

44.414 
44.442 
20.421 

12.4) 4 

44.4) 1 
111.414 
124. 2C4 

141.122 
144.040 
120.413 

144.440 

202.444 
220.442 

234.441 

244.444 
224.424 
244,241 

111.140 
112.121 

141.140 
120. U2 
1*4.142 
4C4.1C4 
424.44} 
444.4(4 
4(4. 2(4 

440.141 
412.240 
434. «ll 

446.122 
4*1.444 
404.244 
424.121 
442. 0C2 
ft}4.4)l 
444.224 
223.421 

242.444 

222.141 
744. )I4 
420.4(4 
■  4«.-(>l 
4(4.214 
441. »44 
412.401 

20.414 


SVSTC*  LKUIO  IlHOMlLANl 
COMMkIMI  lt(4  rotnUA 

0(C  K 

L«l  40.2  02 

44-1  244  C6HU44I 


4  4SU  TCM4  (lkr*>AL4V 


300. COQ 
144.414 
11.244 
17.112 
11.414 
4.34} 
4.344 

9. 122 
4.240 
1.(12 
3.043 
2.(4} 

2.122 
2. 124 
1.422 
1.294 
1.(14 
1.424 
1.  340 
1.254 
1.  146 
1.044 
1.020 

.494 
.403 
«  (94 
.410 
.221 
.  219 


.949 

.9*0 

.9)2 

.914 

.44* 

.422 

.440 

.44* 

.424 


CfC  K  ROAl.  /lOOO*  OM  etc 
1041.2  -21.94  .919 

•*0.99 
-21.17 
-09*71 
-44.09 
•1CI.09 
-149.44 
•tCO.49 
-1(1.12 
-111.21 
-119.01 
-114.94 
-1(7.44 
•((4.22 
-120.14 
•12(.14 
-122.24 
-121.(9 
-121.4* 

•(24.42 
•(29.14 
•(24.00 
•124.40 
-122.(2 
-122. 7C 
-124.20 
-120.44 
•124.(1 
•124.92 
-124.44 
-130.12 
-130.M 
-(!(.(( 

-131.49 
-(11.24 
•1*2.10 
•132.41 
-132.21 
-132.44 
-131.22 
-111.91 
-131.24 
-1 **.04 
-I  3*. 24 
•I  34.91 
-11*.  24 
-1 34.4* 

•139.12 
•139.34 
•I  39.94 
-IJ9.24 
•43.04 


K  190.  09IA 

OCNSifV  HlAf  OflllM 

6N/CC  IKCAk/FOOM.HT. 

1.1*  •1.01. 

0.00  >4.42 

OOOiC*  flOAMSlOM 
C  9740  •  9494.1  *T/9fC 
CO  CAL/  1  OOT  OllVAC  COLVAC  1  92A 


Ml.  0/0 
49. 


2714.0 

1401.7 

1741.1 

1904.4 
1401.0 

1144.1 

1112.7 

1277.7 
1210.0 
1140.0 

1194.2 

1122.4 
1041.0 

1047.4 

1044.2 
1022.9 
1002.* 

441.7 
4*4.1 
490.  1 
41*. 4 

420.9 
407.0 
44*. 2 

642.1 

470.4 
494,* 
4*4.1 
■  14.1 
424.* 
420.* 
411.* 

401.1 
249.0 

242.1 
2  24.* 
2  22.) 
2*9.  1 

294.9 

291.4 
2*9.9 
2)4,1 
211.) 

222.9 

221.4 

21*.* 


.904 
.*0* 
•  *79 
.4*2 
.**1 
.*9* 
.*91 
.**2 
.*** 
.*91 
.910 
.91* 
.9»1 
.*}( 
.924 
.920 
.92* 
.*2* 
.421 
.*21 
.420 
.*14 
.*10 
.*u 

.*19 

.*1* 

.*11 

.*12 

.*11 

.*10 


709.0 

200.4 

*49.4 

14*4.4 


.404 
.400 
.407 
.*0* 
.*0* 
.*09 
.*0* 
«*C* 
.*01 
.*0) 
.*02 
.*01 
.*01 
«*oe 
.*00 
.144 
«  344 
.144 
.144 
.*21 


121.9 
214.* 

210.4 

292.9 
2*0.0 
2*2.2 
222.1 
22*. 0 
220.2 
202.0 

204.9 

204.4 

200.9 

240.1 

241.2 
241.0 
24*.} 

249.9 
24*.* 
242.* 

244.9 
244.* 

100.2 

101.  C 
101.2 

102. * 
109.0 
101.* 
104.2 
104.0 

109.1 
109.0 

104.1 
104.0 

102.1 
102.2 
100.1 

100.9 

100.4 

304.1 

104.4 

110.0 

110.1 
lie. 2 
Jll.C 
111.1 
111.* 

111.4 

112.1 

112.4 
2*9.4 


47.0 

10.0 

11.9 

27.1 

24.7 

22.7 

21.1 
20.1 

14.1 

10.1 
17.4 
17.0 

14.9 
14.0 

19.9 
19.2 


/9 

.904 

1.214 
1.7*9 
2.144 
2.417 
1.991 

4.190 
*.714 
9.240 
9.414 
*.941 

7.191 
7.7*2 
0.110 
0.094 
4.174 

14.0  10.001 

14.9  1C.42* 
t*.l  11.2*4 
19.4  11.0*4 

19.4  12.404 

19.9  11.042 

11.1  11.441 

12.4  14.274 
12.7  14.097 

12.9  19.422 

12.1  19.47* 

12.1  U.917 
12.0  12.0*9 
11.*  12.9*4 
(1.2  1*.210 

11.9  10.012 

11.4  14.499 

11.2  20.024 
11.1  20.200 
11.0  21.120 

10.4  21.414 
10.0  22.999 

10.2  21. UT 

10.*  21.222 

10.9  24. m 
10.4  24.4*2 

10.1  29.924 

10.2  2*. 1*4 
10.1  2*. 294 
10.0  22.11.) 

4.4  22.90* 
4.0  21.474 
4.7  24.099 
4.7  24.940 

24.9  2.00* 


I  At 
10000 


210.7  211.9 

294. >  244.7 

2*9.9  291.9 
299.7 


2)0.1 

299.1 
2A0.4 
279.0 
200.0 
211.0 
2IA.2 
246.0 
244.* 

290.9 

290.4 

241.4 
291.7 

291.9 

292.1 


2*9.9  29*. 4  272.0 


219.1 

297.2 
271.* 

279.1 
209.* 
<04.4 

241.1 
24*. I 
244.* 

900. * 

902.1 

901. * 

104.9 
90*. 1 
90;.2 

904.2 
3C4.* 

909.  t 

110.7 
911.* 

912.1 

912.7 

911.1 

911.9 
II*. 4 

914.9 

919.1 
>19.4 
91*. 2 
91*.* 
1)7.0 
117.* 

917.7 

910. ) 
114.* 

114.7 
919.0 

119.1 

119. * 

119.4 

120. ) 
>20.1 
120.* 

120.4 

>21.0 

121.1 

921.5 

90.7 
>2). 9 
922. ) 
275.* 


1.140 

1.1*1 

1.14* 


1.2*7 
l.**l 
1.9** 
1.942 
l.*29 
l.**4 
l.**0 
l.*0* 
l.*47 
1*700 
1.710 
1.727 
1.71* 
1.3*1 
1.7*7 
1.791 

1.790 
1.7*1 
1.7*7 
1.771 
1.779 
1.774 
1.742 
1.749 
1.741 

1.791 
1.79* 
).T9* 
1.794 
1.401 
1.401 
1.409 
1.407 
1.104 
l.lll 
l.Oll 
1.119 
1.41* 
1.414 
1.414 

1.421 

1.422 
1.42* 
1.129 
1.42* 
I  >627 
1.124 
1.010 
1.091 
1.012 

1.144  1.9** 


1,000 
2.000 
1,000 
4.000 
9.000 
*.000 
7.000 
0.000 
4,000 
10,000 
Il.OOO 
12.000 
11.000 
14.000 
19.000 
10.000 
17.000 
10.000 
14.000 
20,000 
21.000 
22.000 
21.000 
24.000 
29.000 
2*. 000 
27.000 
24.000 
24.000 
30.000 
31.000 
12.000 
31.000 
14.000 
39.000 
3k. 000 
17.000 
14.000 
34.000 
*0.000 
*1.000 
*2.000 
*1.000 
*4.000 
*9r000 
**.000 
*7.000 
**.000 
*4.000 
90.000 


•  C7» 

I.OCO 
1.7(2 
4.0C1 
Ik.OGl 
2*. *30 
}1.*(0 
•1.471 
9*.T«} 
(9.7*2 
7*.«C} 
(4.031 
IC2.0<I 
119.2*1 
124. *<4 
1*2.090 
199.129 
1*4. *2* 
III.ICI 
199.732 
211.0*9 
22*. *32 
2*2. **2 
234.1(7 
27*.**1 
290.9(9 
1C*.?)* 
922.432 
914.4*4 
194.477 
170.41* 
lit. 7*1 
*C2.**9 
*14.020 
431. *(1 
*90.092 
*(1.199 
•«*.4(4 
9C4.497 
911. *(9 
942.194 
9(0. 4(* 
974. •(* 
944.191 
417. 4(* 
437.012 
*5*. 1(1 
479.94* 
69*. 942 
719.74* 
732.449 
792.128 
20.414 


4  431*  7(H4  fNr»«(4V 

C(G  K  •C«L/t00C4 
10*4.2  •21.94 


SHlltlNO  |l»*3lS19N 
C  9tA4  •  9741.4  41/UC 
C4  c*(/  I  941  OtlVAC  CflVtC  I  Sf* 


300. COO 
170.270 
11.122 
14. 744 
12.270 
4.907 
ft. 422 
9,47* 
4.9ft) 
1.91* 
1.370 
2.9*1 
2.(02 
2.312 
2.112 
1.911 
1.711 
1.(99 
1.931 
l.*21 
(.12* 
1.217 
1.  («) 
1.C4} 
1.02 
.974 
.924 
.(■9 
.(*9 
.404 
.  7  7* 
.7*9 
.714 
.(42 
.(*7 
.(*1 
.117 
.94* 
.971 
.391 
.9)9 
.317 
.901 
.*!( 
>*7| 
.497 
■  444 
.4)2 

•  420 

•  404 
.344 

14.(44 


2421.1 
2144. ( 

1903.2 
1790«( 
1*42.9 
19*0.2 
1*44.* 
14*0.6 
1)49.0 

I) 39.* 
1)21.1 

1240.4 
12*1.7 
(.14.2 
1217.0 
114*. 7 

1174.1 
11*0.1 
U44.4 

II) 0.0 
lllft.t 
llCl.O 

1040.4 
(074.2 
10*4.) 
1094.0 

1044.2 
10)4.4 
10)0.0 
(021.9 

1011.4 
1009.7 

444.2 

441.0 

444.1 

477.4 

970.4 
9*4.7 
49*. 7 

492.4 
4*7.3 

441.4 
41*. 7 
4)1.* 
92*«7 
422.0 


*0*.7 

40**9 

1419.4 


-40.17 
-14.44 
-91.2* 
•94. 41 
•104.2* 
•104.12 
-1)1.9* 
•114.21 
-U*.44 
-114.44 
-120.19 
-12t«*7 
-121.0) 
-124.2* 
-129.14 
-124.40 
-WT.  14 
-124.22 
-124.01 
-124.40 
-130.  91 
•131.14 
-I 3I.S1 
-132.41 
-132.47 
-133.91 
•I  34.02 
-1 34.91 
•1 34.47 
•1*9.42 
•139.49 
•134.29 
-I3*.*9 
-137.01 
-137,34 
-1)7,7* 
•13*. 04 
-I  34.41 
-134.7) 
•134.04 
•134.94 
-134.49 
-134,40 
-140.14 
-140.44 

-140.70 
417.4  -140.49 
419.0  -141.14 
•141.41 
-141.** 
-49.7* 


OfO 

*0* 

*44 

924 

904 


120.1 

220.0 

242.7 
294.0 
2*4.4 

271.9 
27*. 7 
2*C.* 

244.1 

247.1 

244.4 

242.1 

244.1 
24*. 0 
24?,* 

244.1 

900.4 

901.7 
902*4 
904.0 
109.0 
10*  .0 
>0*.4 

107.7 

904.9 

304.9 
910.0 

910.7 

911.9 

911.4 

912.9 

919.1 

919.4 

914.2 

914.7 

919.1 

119.4 
Jl*.l 

914.9 

914.4 
>17,9 

917.7 

914.1 
914.9 

114.4 

914.2 

914.9 

914.4 

920.2 

920.9 

290.4 


101. 1 

41.1 

99.9 

24.9 

24.9 
2*.* 

29.1 
21.  V 
21.0 

20.2 

14.9 
14.4 

14.4 

17.4 

17.9 
17.1 


24 

.949 

1.214 
1.744 
2.949 

2.474 
).*02 

4.214 
4.40r 
9.  3*0 
9.440 
*.*24 
7.2*1 

7.474 

1.474 
4.09* 
4.404 

1*.*  10. 194 
I*. 9  1C. 794 

14.2  11.97* 

19.4  12.019 
19. T  (7.449 
14.*  11.247 

19.2  1).*04 
19.0  14.910 

14.4  19.141 

14.4  19.7*4 

14.5  U.142 
l*.l  14.42* 

14.2  17.441 
14.0  14.094 

11.4  14.404 

19.7  14.1*7 

19.4  14. *74 
11.9  20*244 

19.4  20.442 

11.9  21.919 

19.2  22.190 

19.1  22.749 
19.0  21.419 
1<.«  24.099 
U.4  24.44* 

12.7  29.914 
12.*  29.447 

12.9  2*.974 

12.4  27.144 
12.4  27.420 

12.9  21.494 

12.2  24.092 

12.1  24«**9 

12.1  10.244 
91.0  2*107 

•m- 


loooe 


€7  SCA  Cf  VAC 
kVl 


212.7  719.9 

741.0  244.9 

244.4  297.1 

2*0.7 


220.4 
214.0 
279.2 
211.1 
214.9 

244.4 

242.4 

244.4 

244.1 

247.2 
244.0 
244.4 
244.1 
244.4 
244.* 
244.4 


290.4  294.4  177.4 


221.4 

241.1 
27*. 2 

205.2 

241.4 
244.1 

244.1 

902.4 

909.3 

907.9 

904.4 
911.0 

912.5 

911.4 
>19.1 
11*. 2 
>17.2 
>14.2 
9)4.1 
>14.4 

920.7 

921.4 

922.1 

922.7 

129.1 

929.4 
>24.4 
929.0 

925.9 
>29.4 
>26.4 

924.1 
>27.2 
>27.4 
924.0 

921.4 
>24.4 
924.1 

124.9 

924.1 

990.1 

910.4 

190.7 
991.0 

991.1 

911.4 
991.0 
llf.l 

992.1 
992.* 

241.9 


1.2*1 

1.9*1 

1.400 


1.1*2 

1.4*1 

1.547 

1.544 

1.411 
l>*54 
l.*T4 
l.*4* 

i.rio 

1.722 

1.7» 

1.742 

1.751 

1.794 

1.7*9 

1.771 

1.777 

1.742 

1.747 

1.742 

1.74* 

1.400 

1.404 

1.104 

l.OU 

1.414 

1.417 

1.420 

1.129 

1.42* 

1.424 

1.911 

1.411 
1.499 
1.194 
1.4*0 
1.442 
1.144 
1.444 
1.447 
1.444 
1.191 
1.499 
1.49* 
1.49* 
1.497 
1.494 
1.440 
1.1*2 
1.0*1 
1.977 


»RCSSU«E  MSriLC  D*T* 

SY$TC>>  IICUIO  «IP*«»CLUNT  PC  100.  PSI* 


COMPONENT 

TPEF  FOPMULA 

DENSITY 

HCAT  FORM 

NT 

OEC  P 

GN/CC 

UCAL/FORM.WTb 

) 

LOX 

40.2  02 

1.14 

-i.oa 

68. 

PP-I 

24E  C*H1.4S3 

O.BO 

-6.92 

32. 

BULK  OCNSirv  •  1.004  GH/CC 

PIXTURE  PATIO  •  2.121  LB  0X1O12EP  /  LB  OF  FUEL 

PPESSUPE  ppofile  data 


CPANBEP  ENTPOPV  240.02  EU/IOOCMl 


CHAFeCA 

PPESSUPE,  PSIA 

300.0 

129.7 

12.66 

TEMP,  OEG  K 

3321.8 

2829.2 

2342.2 

ENTHALPY  l-l 

22.39 

47.30 

68.44 

CP 

.1021 

•  4931 

.4827 

IMPUL  OPT 

147.22 

200.16 

IMPUL  VAC 

229.13 

248.68 

EPSILON 

1.047 

1.116 

PRESSURE,  PSIA 

300.0 

129.7 

12.66 

TEMP,  OEG  K 

3321.8 

3008.9 

2686.1 

ENTHALPY  (-1 

22.39 

47.88 

70.44 

X  BAP 

4.646 

4.619 

4.166 

N 

4.646 

4.619 

4.166 

CP 

1.1667 

•  9283 

.7121 

IMPUL  OPT 

148.93 

204.17 

IMPUL  VAC 

229.61 

216.40 

EPSILON 

1.099 

1.624 

1T0.E4  C 

.0000 

.0000 

.0000 

142.00  CpH 

.0000 

.0000 

.OCOO 

•2.40  CpHpC 

.0001 

.0002 

.oeoi 

67.00  C«H2 

.OOCO 

.0000 

.OCOO 

-27.70  C«H2ia 

.0000 

•  0000 

.OCOO 

31.44  C«H3 

.OOCO 

.0000 

.OCOO 

-17.84  C«H4 

.OOCO 

•  0000 

.OCOO 

-26.42  C«0 

1.8449 

1.8192 

1.7834 

-44.01  C»fl2 

.4388 

•  4738 

.1013 

194.00  C2 

.OOCO 

.0000 

.OCOO 

112.10  C2*H 

.0000 

.0000 

.OCOO 

14.14  C2*H2 

.OOCO 

•  0000 

.OCOO 

12.10  C2*H4 

.OOCO 

•  0000 

.0000 

109.70  C3 

.0000 

•  0000 

.OCOO 

242.30  C4 

.0000 

•  0000 

.OCOO 

12.10  H 

.1147 

•  1024 

.0131 

9.33  H*0 

.127S 

•  0674 

.0214 

.00  H2 

.7367 

•  7447 

.7640 

-17.80  H2<0 

1.3147 

1.4097 

1.4264 

19.16  0 

.0160 

•  0099 

.OCll 

.00  02 

.0117 

•  0042 

.0008 

FP02EN  EXPANSION 


22.06 

14.70 

9.244 

3.873 

1.623 

2C17.6 

ia60«4 

1693*4 

1413.1 

1170.9 

86.30 

93.69 

101*34 

113*92 

124.38 

.4707 

•4642 

.4962 

.4409 

.4232 

239.81 

248.99 

262.08 

282.18 

297.88 

270.94 

279.32 

288*31 

302.91 

313.84 

2.699 

3.487 

4.794 

8.868 

16.614 

SHIFTING  expansion 


22.06 

14.70 

4.244 

3.873 

1.623 

2312.3 

2146.4 

2024. 3 

1721.2 

1466.1 

40.31 

48.64 

107.44 

122.04 

134.14 

4.138 

4.131 

4.127 

4.121 

4.121 

4.138 

4.131 

4.127 

4.121 

4.121 

.1704 

.1314 

.1044 

.4831 

.4804 

243.04 

217.11 

272.02 

244.11 

312.37 

281.01 

240.47 

301.11 

317.43 

330.72 

2.840 

3.713 

1.200 

4.761 

18.674 

COPPOSITION  SHIFTING  IHOl/100  CNI 


•  0000 

•  0000 

.0000 

.0000 

•  0000 

.0000 

•  0000 

.0000 

•  0000 

•  0000 

•  0000 

•  0000 

.0000 

•  0000 

.0000 

•  0000 

•  0000 

.0000 

•  0000 

•  0000 

.0000 

•  0000 

.8000 

•  0000 

•  oooo 

•  0000 

•  0000 

.0000 

•  0000 

•  0000 

•  0000 

•0000 

.0000 

•  0000 

•oooo 

1.7992 

1*7289 

1.7013 

U6329 

1.9393 

•  9900 

•  9603 

.1874 

•  6963 

•  7999 

•0000 

•  0000 

.0000 

•  0000 

•oooo 

•  0000 

•0000 

.0000 

•  0000 

•oooo 

•  0000 

•  0000 

.0000 

•  0000 

•oooo 

•  0000 

•oooo 

.0000 

•  0000 

•oooo 

•  0000 

•0000 

.0000 

•  0000 

•  oooo 

•  0000 

•  0000 

.0000 

•  0000 

•oooo 

•  0196 

•  0107 

.0047 

•  0007 

•  0001 

•  0062 

•0026 

.0008 

•  0001 

•oooo 

•  8081 

•8309 

.8606 

•  9306 

1*0299 

U9199 

1.3979 

1.3721 

U3099 

1.2109 

•  0001 

•0000 

.0000 

•  0000 

•oooo 

•  0001 

•0000 

.0000 

•  0000 

•oooo 

.680 

.281 

.114 

.010 

THROAT 

167.6 

462.7 

781.0 

634.8 

104.6 

2482.7 

133.02 

140.10 

141.84 

110.47 

34.11 

.4060 

.3400 

.3713 

.3638 

.4460 

310.24 

320.00 

327.72 

333.81 

122.01 

322.84 

324.46 

331.14 

340.01 

221.26 

31.304 

14.066 

111.323 

204.373 

1.000 

.680 

.281 

.114 

.010 

172.1 

1247.0 

1061.3 

416.2 

744.0 

3124.1 

141.13 

114.11 

161.88 

168.11 

38.41 

4.121 

4.121 

4.121 

4.124 

4.641 

4.121 

4.121 

4.121 

4.124 

4.641 

.4883 

.1066 

.1324 

.1624 

1.0118 

326.77 

338.17 

348.36 

316.14 

120.03 

341.70 

310.88 

318.64 

361.30 

224.14 

36.234 

71.313 

142.271 

287.463 

1.000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.OOCO 

.0000 

.0003 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0002 

.0000 

1.4172 

1.2611 

1.0403 

.4034 

1.8273 

.8720 

1.0237 

1.1484 

1.3816 

.4616 

.0000 

.0000 

.0000 

.0000 

.OOOO 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.1227 

.0000 

.0000 

.0000 

.0000 

.0876 

1.1467 

1.2483 

1.4731 

1.6147 

.7400 

1.0888 

.4371 

.7614 

.1714 

1.3402 

.0000 

.0000 

.0000 

.0000 

.0081 

.0000 

.0000 

.0000 

.0000 

.0064 

264- 


I 

I 


I 

I 

I 

1 


MSU9N 


SVSffK  klCUlO  tlMWCiLANr 
CAMflikiliT  IMP  IWMkL* 

0(G  K 

L«l  «0«2  12 

a*>l  241  C*N|.9$1 


K  100.  OStA 

OfNSlfV  NlAf  POOP 

CD/CC  UUL/POON.Hr., 

l.H  >1.00 

0.00  >0.02 


POeiCti  CXPONOIOM 
C  SfOO  •  0113.T  Pt/SK 

I  rcHo  iouALOv  tp  CAL/  t  oor  oilvac  cclvac  i  »a  i  or 
ccc  0  ACAL/iooGp  &«  eie  *  /o  lvl  loooo 

})29.0  -22.M  .102 

2002.?  >10.01  .00*  122.0  00.2  .002  212.*  211.2 

2107,1  -17.10  .077  220.1  10.0  1.211  2*1.0  2*7.1 

10*0.0  >20. *0  .**0  2*2.c  12.*  1.710  2*1.*  20*. 1 

t7l*.2  >11.01  .**1  20*.0  20.*  2.171  210.0 


I  1U2.I  -12*. 7} 
I  U*2.7  -121.07 


1010. •  -120.0* 

10*4.0  -120. *1 


*17.0  -l!*.01 

029.*  -n*.)7 

921.1  -11*. 71 


107.*  •177*2* 

•11.1  •1*7.** 
•41.7  >177.72 


.*10  2*1.7 

.*01  270.1 

.4*7  270.1 

.4*1  270.2 

.44  0  202.* 

.417  201.0 


.42*  200.4 

.*2*  207.0 

.421  201.4 


.411  10*. 0 

.410  107.4 


20.4  2.171 

20.*  2.0*0 


.107  111.1 

.1*7  lU.l 


.10*  117.7 

.4*4  240.0 


21.2  4.771 

20.2  1.111 


1*.2  0.011 
11.A  1C. 077 

11.1  10.707 

11.2  11.11* 

14.0  11.047 

14.4  12.101  *1 

14>4  11.211  r 

14.1  11.027  ■. 

11.0  14.411 

11.7  11.020 

11.1  11.414 

11. 1  14.100 

11.1  14.712 
11.0  17.101 
12.0  17. *41 

12.4  ia.l72 

12.1  1*.0*? 

12.4  19.104 
12.2  20.221 
12.1  20.012 
12.0  21.000 
11.0  22.100 

11.7  22.714 

11.4  21.114 

11.1  21.001 

11.4  24.400 
11.1  21.216 
11.2  21.020 

11. 1  24.417 
11.0  27.041 
10.0  27.440 
10.0  20.214 
10.0  20.924 

10.7  20.407 

10.4  29.401 

10.1  2.0*4  2*9.0  210.1 


220.1  221.1 
297.0  2*0.0 

271.*  27*.* 

279.1  201.4 

214.1  209.4 

217.0  201.0 

200.1  207. 1 

202.2  100.4 

201.7  102.0 

204.7  104.9 

201.1  104.7 

2*4.0  101. I 

20*. 4  100.7 

204.7  111.0 

20*. 0  112.2 

111.2 


1.107  1.24* 

1.1*2  1.4*4 

1.100  1.14* 

1.106 


J 

1 


I 


! 


iMlPtlNC  llPitlltON 


C 

ItAP  • 

1*4**3 

7I/10C 

fPllkflN 

•  C/P 

P  Pill 

C*  C(i/  1  OPI 

O01V4C  CfiVAC 

1  114 

1  (I 

t  IT 

1  V4C 

CP  111 

CP  VAC 

C(C  ■  ■ 

C*L/IOOG« 

G«  C0G 

/P 

in 

10000 

icooe 

LVl 

l.OCO 

100. COO 

3121.0 

•22.30 

1.2*7 

I.OOC 

1.7J0 

172.401 

1124.1 

>20.01 

l.OU 

120.0 

IA4.9 

.40* 

211.4 

210.1 

221.1 

224.1 

1.211 

1.194 

2.000 

•  .110 

31.711 

2114.1 

•70.7* 

.4(1 

221.0 

44.7 

1.211 

240.3 

211,0 

244.1 

244.6 

1.344 

1.447 

1.000 

14.770 

2U.]tl 

2121.1 

•92.02 

.141 

2**.l 

37.0 

1.920 

214.4 

244.4 

290.0 

291.1 

1.410 

1,119 

4.000 

22*114 

11.191 

2142.  } 

•1C0.43 

.121 

2*0.4 

32.1 

2.42* 

241.2 

2*0.0 

241,1 

1.412 

1.000 

20.744 

9.710 

2044.1 

•IC4.43 

.107 

270.4 

20.4 

>.031 

204,0 

100,0 

1.410 

4.000 

)0.«(2 

7.122 

1912.4 

>111.01 

.447 

277.7 

27.1 

1.41* 

209.0 

301.2 

1.470 

7.000 

40.4(1 

4.C41 

1077.1 

-114.71 

.401 

213.4 

21.0 

4.290 

K2.0 

300.3 

1.702 

0.000 

19.712 

1.C2* 

1014.0 

>117.74 

.407 

200.1 

24.4 

4.001 

IC4. 1 

112.7 

1.720 

0.000 

<o.«ci 

4.290 

17(1.4 

-120.11 

.404 

2«I.O 

23.4 

1.400 

IC4.2 

111.1 

1.7  34 

10.000 

•o.no 

3.74* 

1714.9 

•122.10 

295.3 

22.7 

4.0*0 

107.4 

110.0 

1,740 

11.000 

91.77* 

1.269 

1474.1 

-124.14 

200.1 

22.0 

4.71* 

IC0.4 

120.1 

1.741 

12.000 

1C1,717 

2.(91 

14J7.7 

-124.11 

IOC.  7 

21.1 

7.  1*4 

ICO.* 

122,0 

1.771 

1 1.000 

111.919 

2.1*7 

1401.1 

>127.00 

101.0 

20.7 

1.007 

110.0 

121.7 

1.791 

19.000 

WO. 2(0 

2.219 

1171.1 

-129.10 

101.0 

20.7 

•  .*11 

110.1 

121.2 

1.790 

11.000 

140.1  11 

2.11* 

1140.4 

-120.40 

104.0 

10.7 

0,24* 

110.9 

324.4 

1.70I 

14.000 

112.042 

1.041 

1121.4 

-Ul.70 

109.1 

10.3 

0.919 

111.0 

327.9 

1.904 

17,000 

1(4.944 

1.010 

1100.7 

-122.00 

llC.O 

19.0 

1C. 409 

711.2 

120.0 

1.910 

10.000 

1 74.911 

1.(04 

1470.1 

-121.00 

111.1 

19.4 

10.01* 

110.0 

1.914 

10.000 

1(9. ItT 

1.904 

1410.9 

'129.01 

112.0 

19.3 

11.121 

111.0 

1.921 

20.000 

/Cl. 172 

1.470 

1441.4 

•131.71 

114.0 

19.0 

12.170 

132.0 

1.924 

21.000 

217.191 

1.119 

1*24.1 

-12*. 14 

111.2 

17.7 

12.010 

332.9 

1.931 

22.000 

232.011 

1.201 

1407.0 

-127.11 

114.2 

17.4 

11.4*1 

113.7 

1.934 

21.000 

2*4. 4C0 

1.217 

1192.1 

-120.00 

117.1 

17.2 

14.110 

334.4 

1.940 

24.000 

2«I.3I7 

1.140 

1370.0 

-120.70 

310. 2 

14.0 

14.711 

331.2 

1.944 

21.000 

274.1 II 

I.C04 

1194.1 

-129,44 

110. 1 

14.7 

11.190 

111.0 

1.949 

24.000 

290.0(4 

l.CJI 

1111.1 

-140.07 

320.0 

14.1 

14.010 

114.1 

1.911 

27.000 

icl.od 

.0*1 

1110.0 

-1(0.47 

320.0 

l*.3 

14.44? 

117.1 

1.911 

20.000 

120.711 

.031 

1127.1 

>141.24 

121.4 

l*.l 

17.217 

117.7 

1.919 

20.000 

121.4(1 

.194 

llll.t 

>1*1.70 

122.1 

l*.0 

17.0*4 

110.3 

1.941 

10.000 

110.49I 

.914 

1101. 1 

>142. 11 

323.0 

11.9 

10.4*1 

339.9 

1.9*4 

11.000 

1(1.271 

.021 

1294,0 

-142.01 

323.7 

11.* 

10.04* 

130.3 

1.947 

12.000 

170,977 

•  700 

1204.0 

-1(3.20 

124.3 

19.1 

10.421 

130.9 

1.1*0 

11.000 

194.912 

■  7*0 

1271.4 

-143.71 

124.0 

11.4 

20.102 

140.1 

1.072 

14.000 

4C0,|I4 

.731 

1244.1 

-144.10 

121.1 

11.2 

20.740 

140.7 

1.979 

11.000 

421.134 

.701 

1217.1 

•144.42 

12*.  1 

11.1 

21.2*4 

141.2 

1.977 

J4.000 

437.099 

.•*9 

1240.0 

-1*1.01 

124.4 

11.0 

21.010 

141.4 

1.970 

17.000 

411.012 

.(*1 

1240.0 

-141.41 

127.2 

14.9 

22.44* 

342.0 

1.992 

10.000 

470. *16 

.(17 

1213.0 

-141.02 

127.7 

14.7 

23.091 

142.4 

1.194 

10.000 

407.1«* 

.011 

1221.4 

>1(4.10 

329.2 

14.4 

23.73* 

142.9 

1.994 

40.000 

1C4.11I 

.90» 

1210.1 

-1(4.11 

329.7 

14.1 

24.392 

141.2 

1.199 

41.000 

121.711 

.179 

1210.0 

-1(4.00 

320.1 

14.4 

21.029 

141.0 

1.900 

42.000 

130.010 

.117 

1204.1 

-147,24 

120.4 

14.3 

21.474 

143.0 

1.902 

41.000 

11*. 11* 

.910 

1107.4 

-1(7.1* 

110. 0 

14.2 

24.320 

344.2 

1.904 

*4.000 

171.042 

.123 

1100.0 

>1(7.00 

130.4 

14.1 

24.044 

144.1 

1.901 

41.000 

101.174 

.907 

1104.4 

•1(0,10 

110.9 

14.0 

27.407 

344.9 

1.907 

46.000 

4CO.O70 

.403 

1170.1 

-1(0.40 

331.2 

13.0 

20.240 

341.1 

1.100 

47.000 

*2*. *30 

.470 

1172.4 

>1(0.70 

331.9 

13.9 

29.907 

341.4 

1.000 

40.000 

*44.14* 

•  4*4 

11*4.0 

'1(0.07 

332.0 

13.7 

29.124 

341.7 

1.002 

40.000 

*•2.002 

.413 

1141.2 

>1(0. 31 

332.3 

I3«7 

10.119 

14*. 0 

1.004 

10.000 

*70.0(7 

1111.0 

• 1 (9. 02 

132.7 

13.4 

30.790 

144.3 

1.001 

1.713 

20.414 

14.I04 

2100.0 

-90. *4 

.112 

217.9 

33.4 

1.274 

217.4 

247.4 

207.1 

201.0 

1.417 

1.401 

-*•1- 


PRESSUDE  PROPILE  ORTA 

SVSTEP  IICUIO  atPROPELLANI  PC  )00.  PSIA 


CONPBNENT 

IRff  fORffULA 

DtNSlTV 

HeAT  F0RR 

MT 

D€G  K 

GN/CC 

(RCAL/RORM.WT* 

1 

LOX 

40.2  82 

uu 

-}oOS 

7C 

RP-l 

2RI 

0.80 

*6.92 

30 

EULK  CENSnv  •  1.011  GM/CC 

PIXIURE  RATIO  •  2.133  LO  OXIDIZER  /  LB  OF  FUEL 


PRESSURE  PROFILE  DATA 
CFANBER  ENTROPY  2IS.14  fU/lOOCNS 

CHAPBER  THROAT 


FROZEN  EXPANSION 


RRESSURSt 

PSIA 

300.0 

129.7 

92.66 

22. OA 

14.70 

9.244 

3.873 

1.623 

•  680 

.2SS 

.119 

.050 

160.0 

TEMPi  OEG 

R 

3A29.7 

2921.2 

2484.4 

2103.7 

1943.6 

1773.9 

1487.1 

1238.9 

1024.9 

060.6 

683.7 

551.0 

1006.1 

ENTHALPY  1 

21.99 

46.30 

67.32 

as. 16 

92.92 

100.24 

112.91 

123.91 

132.31 

139. SS 

149.47 

150.20 

10.60 

CP 

•  4917 

.4139 

.4741 

.6620 

•4968 

•449? 

•4349 

.4184 

•  4019 

.3aS6 

•  3701 

.1576 

.6065 

INPUL  OPT 

146.61 

199.46 

23S.17 

248.41 

261.97 

281.87 

297.77 

310.39 

320.15 

328.29 

116.59 

121.21 

IRPLL  VAC 

224.30 

247.99 

270.02 

278*90 

287.99 

302.42 

313.98 

323.22 

110.57 

336.41 

161.02 

220.16 

EPSILON 

1.046 

1.962 

2.670 

3.917 

4.849 

8.998 

16.936 

32.071 

60.533 

119.268 

217.063 

1.000 

SHIFTING  EXPANSION 


PRESSURE) 

PSIA 

100.0 

125.7 

52.66 

22.06 

16.70 

9.266 

1.071 

1.621 

.680 

.205 

.119 

.050 

172.6 

TEHP.  OEG 

K 

3629.7 

1151.3 

28ac.3 

2599.1 

2660.7 

2290.1 

1991.0 

1710.1 

1662.8 

1251.9 

1075.1 

920.7 

1251.2 

enthalpy  ( 

1-1 

21.59 

66.96 

69.77 

90.20 

90.96 

100.20 

126.06 

117.61 

169.22 

159.15 

167.66 

176.99 

10.01 

X  BAR 

6.9C7 

6.615 

6.119 

6.285 

6.269 

6.256 

6.265 

6.262 

6.262 

6.262 

6.262 

6.262 

6.667 

N 

6.SC7 

6.615 

6.319 

6.285 

6.269 

6.256 

6.265 

6.262 

6.262 

6.262 

6.262 

6.262 

6.667 

CP 

1.6970 

1.2862 

1.0105 

.7667 

.6522 

.5710 

.6960 

.6721 

.6687 

.6751 

.6906 

.9111 

1.1712 

IRPUL  OPT 

168.55 

206.76 

266.32 

259.61 

276.63 

290.56 

117.69 

111.21 

165.91 

196.60 

165.11 

119.52 

IRPUL  VAC 

229.52 

257.52 

281.73 

296.61 

105.61 

321.06 

117.66 

169.11 

159.20 

167.56 

176.61 

226.10 

EPSILON 

1.066 

1.655 

2.969 

3.911 

5.699 

10.661 

20.000 

19.097 

76.921 

191.005 

107.065 

1.00b 

COPPOSITION  SHIFIING  INOL/lOO  CN) 


170.09 

c 

.ooco 

.0000 

•ocoo 

.0000 

.0000 

.0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

162.00 

C<H 

•  ooco 

.0000 

•ocoo 

.0000 

.0000 

.0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

-2.90 

c»H»e 

.00C6 

.0002 

•  OCOl 

.0000 

.OOCO 

.0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0001 

67.00 

C>H2 

.ooco 

.0000 

•ococ 

.0000 

.0000 

.0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

-27.70 

c>H2«a 

.ooco 

.0000 

•ocoo 

.0000 

.0000 

.0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

31.96 

C«H3 

.ooco 

.0000 

•ocoo 

.0000 

.0000 

.0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

-17.09 

C*H6 

.ooco 

.0000 

•ocoo 

.0000 

.0000 

.0000 

•0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

-26.62 

c<a 

1.6192 

1.9611 

US170 

1.6789 

1.6625 

1.6612 

1.3977 

1.1119 

1.2675 

1.1150 

.9976 

.0175 

1.5016 

-96.05 

C*02 

.5K5 

.5820 

•  6340 

.6672 

.6816 

.7029 

•  7483 

.0122 

.0986 

I.OIOI 

1.1605 

1.1007 

.5661 

199.00 

C2 

.OOCO 

.0000 

•  OCOO 

.0000 

.0000 

.0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

112.10 

C2*H 

.ooco 

.0000 

•ocoo 

.0000 

.0000 

.0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

56.19 

C2*H2 

.ooco 

.0000 

•ocoo 

.0000 

.0000 

.0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

12.50 

C2*H6 

.ooco 

.0000 

•ocoo 

.0000 

.0000 

;oooo 

•  0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

189.70 

Cl 

.ooco 

.0000 

•ocoo 

.0000 

.0000 

.0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

262.10 

C6 

.ooco 

.0000 

•ocoo 

.0000 

.0000 

.0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

52.10 

H 

.1710 

.1266 

•  0849 

.0670 

.0121 

.0107 

•  0049 

.0000 

.0001 

.0000 

.0000 

.0000 

.1626 

9.11 

H«a 

.2057 

.1368 

•  0771 

.0122 

.0106 

.0006 

•  0012 

.0001 

.0000 

.0000 

.0000 

.0000 

.1611 

.00 

H2 

.5106 

.5102 

•  3179 

.5127 

.5699 

.5652 

•4133 

.6707 

.7656 

.8772 

1.0156 

1.1755 

.5216 

-57.00 

H2>B 

1.1766 

1.6657 

1.4971 

1.5236 

1.5266 

1.5170 

1.4T92 

1.6165 

1.1101 

1.2105 

1.0001 

.9202 

1.6222 

59.56 

e 

.0180 

.0196 

•0C76 

.0018 

.0007 

.0002 

•  0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0256 

.00 

02 

.0391 

.0219 

•  0C90 

.0021 

.0008 

.0002 

•  0000 

.0000 

.oboo 

.0000 

.0000 

.0000 

.0279 

-26«- 


SVSTII*  IICUIO  ItHtmiUNt  n  100.  MiA 

COMAONlNt  T«|0  fOONUiA  OfMtlfy  NCAT  MAN  Hf.  0/0 

Olfi  K  6N/CC  IKCAl/rOON.Mr.l 

LSI  «o.}  9i  1.14  -»«oi  re. 

AA-l  C*H1.4t}  0.00  'A. 92  SC. 

fAOIIN  CXOANSION 


C 

9TA4  > 

9494.0 

Af/S(€ 

(ASIION 

AC/( 

A  ASIA 

T(NA 

(4T4ALAV 

CA  C41./  1  OAT 

0£lV*C  CfLVAC 

1  S(A 

i  At 

1  47 

1  VAC 

CA  S(* 

CA  VAC 

C(0  R  RCAL/tOOOA 

CM  eco 

/A 

LVl 

10000 

9C000 

LVl 

l.OCO 

300. COO 

1129.7 

-21.99 

.442 

1.000 

1.7(9 

1*6, C*4 

3061.3 

->*.*4 

.447 

121.2 

99.1 

.990 

211.7 

214. J 

219.4 

220.4 

1.194 

1.219 

2.000 

9.171 

32.712 

2290.2 

•74.44 

•  444 

219.0 

40.1 

1.224 

241.1 

244.9 

297.0 

299.1 

1.942 

1.441 

3.000 

14.1(4 

16.937 

2031.9 

•(4. 34 

.440 

241.0 

32.9 

1.774 

247.1 

219.7 

270.4 

273.4 

1.400 

1.911 

1.000 

21.4(7 

12.192 

1471.1 

-99.74 

.494 

294.0 

20.7 

2.344 

290.4 

274.7 

212.7 

1.991 

9.000 

33.993 

I.I2S 

1797.4 

-ICO.  49 

.444 

242.4 

24.1 

2.993 

261.4 

266.4 

1.432 

4.000 

11.179 

4.740 

1446.7 

•IC4.92 

.449 

249.3 

24.1 

1.970 

267.3 

29J.4 

1.496 

7.000 

99. 3C* 

9.429 

1997.2 

-IC4.09 

.441 

274.3 

22.7 

4.179 

269.9 

297.0 

1 .676 

(.000 

*4.111 

4.917 

1917.7 

-110. n 

.434 

274.4 

21.9 

4.742 

291.4 

300.0 

1.499 

9.000 

77.110 

3.(71 

1167.0 

-112.92 

.439 

241.9 

20.4 

9.309 

293.4 

302.4 

1.709 

*  10.000 

10.110 

3,322 

1*12.6 

-114.44 

.432 

244.4 

19.7 

9.940 

294.4 

104.4 

1.721 

11.000 

IC1.4C2 

2.694 

1101.4 

-114.91 

.430 

247.4 

19.0 

4.971 

299.2 

>04.4 

1.731 

12.000 

117.210 

2.940 

1349.1 

-114.00 

.424 

249.4 

14.4 

7.193 

299.4 

306.0 

1.711 

13.000 

130.9(4 

2.290 

1317.4 

-119. 3* 

.429 

291.4 

17.9 

7.601 

294.2 

309.9 

1.719 

14.000 

11*. (10 

2.C72 

1309.4 

-120.94 

.423 

293.4 

17.4 

4.390 

294.9 

>10. • 

1.794 

19,000 

194.9(1 

1.692 

1261.9 

-121.44 

.422 

299.0 

14.9 

0.196 

294.7 

312.0 

1.741 

14.000 

172.234 

1.7*2 

1299.4 

-122.44 

.420 

294.9 

14*4 

9.902 

294.4 

311.1 

1.749 

17.000 

1(9. 4(4 

1.411 

1237.9 

-123.97 

.414 

297.4 

14.2 

1C. 031 

11*. 0 

1.779 

14.000 

2C1.7C2 

1.167 

1214.9 

-124.43 

.417 

299.1 

19.9 

10.496 

319.0 

1.760 

19.000 

217.01 

1.377 

1197.7 

-129.23 

.419 

>00.3 

19.9 

11.264 

119.6 

1.7B1 

20.000 

234.3*3 

1.260 

1179.6 

•129.97 

.414 

301.3 

19.3 

11.914 

>14.4 

1.769 

21.000 

211.011 

'.199 

1112.9 

-124.47 

.413 

302.4 

19.0 

12.939 

317.3 

1.791 

22.000 

2(7.999 

1.119 

11*7.0 

-127.33 

.412 

>03.3 

U.7 

13.140 

>16.0 

1.797 

23.000 

2(9.079 

I.C92 

1131.9 

-127.94 

.411 

104.2 

14.9 

11.771 

316.7 

1.601 

24.000 

1C2.779 

.192 

1117,7 

-124.91 

.109 

309.0 

14.3 

14.343 

119.3 

1.60* 

29.000 

319.1*3 

.139 

1104.2 

-129.06 

.404 

309.4 

14.1 

14.962 

319.9 

1.407 

24.000 

334.6*7 

.■91 

1091.3 

-129.41 

.407 

30f.* 

13.9 

19.971 

120.4 

l.fll 

27.000 

314.1!:4 

.617 

1079.0 

-iio.to 

.404 

307.3 

13.7 

14.190 

320.9 

1.413 

21.000 

371.*** 

.606 

1067.3 

-1  30.94 

.409 

>07.9 

13.9 

14.719 

>21.4 

1.414 

29.000 

3(1.411 

.772 

1014.1 

-Hi. 03 

.409 

306.4 

13.3 

17.274 

321.9 

1.419 

30.000 

*C9.4(1 

.739 

10*1.4 

-131.47 

.404 

309.2 

13.2 

17.622 

322.3 

1.421 

31.000 

421.0C7 

.109 

1031.1 

-131.44 

.403 

>09.4 

13.0 

14.396 

>22.6 

1.421 

32.000 

*10.0*3 

.*62 

1021.2 

-132.26 

.402 

310.3 

12.9 

16.662 

323.2 

1.424 

33.000 

*99. 9C* 

.493 

1011.7 

-132.44 

.401 

310.9 

12.7 

19.499 

323.4 

1.626 

34.000 

*  79.3  72 

.*24 

1004.1 

-133.03 

.400 

UI.4 

12.4 

2C.I29 

321.0 

1.431 

39.000 

*19.417 

.*01 

497.4 

•333.36 

.400 

>11.9 

12.9 

20.791 

>21.3 

1.113 

34.000 

919. (CO 

.977 

969.1 

-133.72 

.399 

312.3 

12.3 

21.377 

321.7 

1.435 

37.000 

9*0.12* 

.999 

960.6 

-134.09 

.394 

312.4 

12.2 

22.00* 

129.0 

1 .614 

31.000 

9(1.03* 

.939 

972.9 

-134.37 

.397 

313.2 

12.1 

22.429 

329.3 

1  .636 

39.000 

1(1.913 

.114 

941.1 

-13*. *4 

.397 

313.7 

12.0 

2>.2*> 

329.4 

1.610 

*0.000 

•C2.9** 

.496 

917.  7 

-134.97 

.  3«* 

314.1 

11.9 

23.679 

324.0 

1.612 

41.000 

424.111 

.*61 

910.4 

• ; ?*  24 

.399 

314.9 

U.O 

2*. *99 

124.2 

1.613 

12.000 

4*9. 31( 

.149 

9*3.4 

-131.94 

.399 

314.9 

11.7 

29.113 

124.9 

1.419 

13.000 

4*6.711 

.190 

934.6 

-139.61 

.394 

319.2 

11.4 

29.727 

124.6 

1.617 

11.000 

*((.27i 

.134 

929,9 

-134,07 

.394 

319.4 

M.9 

24.33A 

327.1 

1.616 

19.000 

7C9.I]* 

.123 

923.1 

-134. 32 

.393 

>19.4 

11.4 

24.9** 

327.3 

1.630 

14.000 

731.497 

.*10 

917.2 

-134.17 

.  393 

>14.3 

11.3 

27.9*7 

>27.4 

1  .491 

*7.000 

793.131 

396 

911.1 

•134.61 

.392 

314.4 

11.2 

24.1*4 

327,6 

1.692 

•4.000 

77*.(*) 

.367 

901,2 

•117.04 

.391 

314.9 

11.1 

24.719 

>21.0 

1.691 

49.000 

714.9(3 

.377 

699.4 

-137.27 

.391 

>17.2 

11.0 

29.326 

321.3 

1.691 

90.000 

416.3*1 

.347 

693.7 

•117,49 

.390 

317,5 

it.o 

29.912 

326.9 

1,194 

3.917 

29.11* 

11.194 

19*3.4 

-92.92 

.497 

244.4 

10.9 

2.07* 

244.* 

297.4 

279.4 

276.9 

1.404 

1.974 

CASKOM 


l.OOO 
2.000 
J.OOO 
4.000 
9.000 
4.000 
j'.OOO 
1.000 
9.000 
to. 000 
11.000 
12.000 
ti.OOO 
14.000 
IS. 009 
14.000 
If  000 
10.000 
14.000 
20.000 
21.000 
22.000 
21.000 
24.000 
2S.000 
24.000 
2f.000 
20.000 
29.000 
10.000 
11.000 
12.000 
31.000 
34.000 
39.000 
14.000 
17.000 
31.000 
19.000 
40.000 
41.000 
42.000 
41.000 
44.000 
49.000 
44.000 
47.000 
49,000 
49.000 
90.000 
S.911 


CCC  R  «CA4/|00&A 

I.CCO  too. coo  3429.7  'll. 99 

1.7JI  172.490  1291.2  'II.Ol 

1.041  17. 211  2713.1  -77.29 

13.942  21.917  2990.9  -90.79 

20.910  I4.J47  2492.4  -99.44 

29.933  1C. 914  2344.2  -iC9.72 

*4.491  9.  174  2299.9  -U0.99 

IS.SIS  4. 999  2191.9  *114.93 

94.713  9.491  2117.9  -117.91 

(4.031  4.(99  2042.1  -120.62 

71.390  4.C4a  2011.0  -123.04 

(3.329  3.400  1949.3  -129.21 

94.127  1.197  14)0.2  -127.12 

1C9.194  2.(92  1994.4  -129.94 

114.439  2.974  1942.1  -1*0.41 

127.710  2.349  1(32.1  -131.94 

139.144  2.194  1104.7  -133.19 

190.479  1,194  1779.1  -1*4.34 

141.134  1.999  1799.2  -139.49 

172.9(3  1.739  1733.0  -t!4.94 

10J.910  l.«31  1712.0  -137.92 

119.949  1.929  1912.9  -139.44 

2C9.947  1.432  1474.1  -1*9,31 

222.739  1.347  1494.7  -140.13 

234.0(7  1.271  1440-2  -140.91 

249.9(9  1.202  1424.4  -141.44 

2(3.194  1.140  1409.7  -142.34 

274.919  l.Ct4  1999.4  -143.01 

290.939  1.C31  1991.9  -143.99 

3C4.2(6  .914  1999.9  -144.24 

319.044  .949  1994.4  -144.94 

331*799  .904  1944,9  -149.40 

349.924  .169  1911.1  -149.93 

399.211  .939  1922,0  -144.49 

372.947  .109  1911.4  -144.99 

394.420  .774  1901.2  -147.42 

399.929  ,790  1491,3  -147.91 

413. 1S6  .724  1411.9  -149.33 

424.710  .703  1472.4  -141.74 

4J9.947  .(92  1443.7  -149.14 

499.140  .(99  1499.1  -149,94 

470.429  .937  1444.7  -149,97 

4(4.236  .917  1439.7  -190.39 

5C1.9(I  .994  14J0.a  -190.72 

917.717  .979  1421.2  -191.09 

933.730  .942  1419.9  -191.42 

949.794  .944  1409.4  -191.74 

9(9.999  .930  1401.4  -192.09 

9(2.039  .919  1394.9  -192.41 

991.2(3  .901  1319.1  -192.72 

414.914  .444  1311.7  -193.03 

20.414  14.994  2490.7  -91.94 


SaKTIMI  (IMMSIOM 
C  9744  •  9944.3  AT/9(C 
C*  CAI/  I  947  OfLWAC  LflVAC  J  9(1 
Of  0(0  /A  1.91 

1.499 

1.371  119.9  104.4  .404  219.2 

.919  220.4  44.4  1*249  244.9 

.740  2*9.3  34.1  1.919  297.7 

.4*7  240.2  3*.9  2. *23 

.992  270.9  11.9  3.03* 

.994  274.3  29.4  1.4*9 

.919  291.*  24.2  *.277 

.919  299.3  24.9  *.900 

.909  293.9  29.4  9.903 

.900  297.1  2*. 9  4.074 

.*43  IOC. 2  2*.l  4.44* 

.*49  303. C  23.*  7.331 

.*4*  109.9  22.7  7.479 

.441  107.7  22.2  4.413 

.479  309.7  21.7  9.239 

.477  311.9  21.2  9.491 

.479  111.2  20.4  IC.444 

.474  314.4  20.4  :i.021 

.*79  314.2  20.1  11.991 

.472  317.4  19.9  12.121 

314.4  19.9  12.794 

320.0  19.2  11.399 

321.1  14.9  14.0*9 

322.2  14.7  14.990 

323.2  19.4  19.332 

324.1  19.2  19.972 

329.0  14.0  19.407 

329.9  17.9  17.234 

124.7  17.4  17*499 

321.9  17.4  14.479 

324. 2  17.3  19.043 

324.9  17.1  19.493 

329.4  14.9  20.27* 

330.2  14.9  20.994 

330.9  14.4  21.429 

311.9  14.9  21.993 

112.1  14.*  22.947 

392.4  14.2  29.092 

993.2  14.1  21.429 

333.7  14*0  24,240 

334.2  19.9  24.903 

334.7  19.4  29.947 

139.2  19.7  24.192 

339.4  19.9  24.437 

934.1  19.4  27.441 

334.9  19.3  24.129 

3)4.«  19.3  24.749 

937.4  19.2  29.411 

337.4  19.1  10.092 

910.2  19.0  10.491 

•492  299.4  19.0  2.142  199.4 

-ler- 


I  At  I  A?  I  VAC  C(  SiA  CA  VIC 

10000  scooe  ivk 

217.9  223.1  22*. I  1.233  1.11* 

29*. 3  249.0  247.1  I.IA*  l.*70 

249.7  2(1.3  24*. »  l.*|(  1.949 

270.  1  290.9  299.0  1  .42* 

271.9  297,1  102.*  1.44* 

301.4  309.1  1.499 

301.2  312.1  1.720 

307.9  314.2  1.7*0 

309.9  311.3  1.717 

111.4  122.0  1.772 

312.9  32*. 3  1.791 

313.9  321.*  1.794 

314.4  >21.2  1.404 

111.2  321.9  1.411 

311.4  331.1  1.12* 

114.0  312.9  1.411 

314.2  31*. I  1.41I 

314.*  331.2  1.4*1 

314.4  314.3  1.491 

337.3  1.497 

331.1  1.442 

119.2  1.447 

3*0.1  1.171 

3*0.1  1.474 

3*1.4  1.0(0 

3*2.3  1.44* 

3*1.0  1.441 

311.7  1.491 

311.3  1.491 

311.9  1.491 

119.1  1.901 

1*4.0  1.90* 

3*4.9  1.907 

317.0  1.910 

>17.9  1.912 

311.0  1.913 

34».1  1.917 

31(.9  1.920 

3*9.3  1.922 

1*9.7  1.924 

390.1  1.927 

310.9  1.929 

390.4  1.931 

191.2  1.911 

391.9  1.939 

391.9  1.934 

992.2  1.934 

192.9  1.940 

992.4  1.912 

393.1  1.911 

270.0  290.3  291.4  1.124  1.420 


0 


PAESSUKE  PROFILE  CATA 

SVSfEP  lUUlO  btPKOPELLANT  PC  300*  PS|A 


CCPPONENT 

TREE  FORMULA 

UENSITY 

HEAT  FCKR 

WT.  0/0 

CEO  R 

CH/CC 

IKCAL/hnRR.Ur* 

) 

ICX 

90.2  02 

l.lii 

*i*oe 

/2.0 

RH-  1 

i9a  C*Ht«9b3 

0*HC 

-6.9? 

27.S 

bllLK  OCNSirv  >  l.0?l  6M/CC 

AIXTlKE  ratio  •  2*636  LB  CX1D12ER  /  LB  DF  FUEL 


PRESSURE  profile  CATA 
CHARMER  ENTROPY  27T.93  EU/IOOUHS 


PNfcSSlHEf  PSIA 

CHAPBER 

300.0  125.7  ‘ 

52.66 

22.06 

FROZEN 

14.70 

EXPANSICN 

9.244  3.P73 

1.62  1 

.600 

•  265 

•  119 

.050 

throat 

167.3 

TEPPi  UEG  K 

2495.1 

2900.2 

2547.9 

2165.2 

2003.9 

IR32.3 

1543.0 

1291.6 

1073.6 

665.6 

724.6 

588.0 

3146.V 

enthalpy  (-) 

20.59 

44.64 

65.17 

62.64 

09.86 

97.47 

109.98 

120.49 

129.26 

136.52 

142.49 

147.35 

37.15 

CP 

.4760 

•  4703 

.4617 

•  4512 

•  4459 

.4392 

•  4254 

.4  100 

.3742 

•  3760 

•  365C 

.3495 

.4729 

IRPUL  OPI 

144.64 

196.93 

232.24 

245.51 

250.61 

270.87 

«94.H  1 

307.47 

517.50 

325.65 

532.00 

120.04 

IPPUL  VAC 

221.41 

245.00 

266.97 

275.84 

214.94 

299.45 

51 1.09 

420.45 

527.94 

335.92 

336.66 

217.45 

EPSILCN 

1.049 

1.566 

2.695 

2.544 

4*690 

9.  1 15 

17.226 

32. 769 

62.465 

1 16.954 

225.961 

T.OOU 

PRESSLREt  PSlA 

jCO.O 

125.7 

52.66 

22.06 

SHIFTING  EXPANSION 
14.70  9.244  1.073 

1.623 

.6eO 

.2h5 

•  119 

.050 

173.4 

TEPPi  deg  K 

2495.1 

3244,2 

2015.4 

2799.2 

f699.i 

2S82.9 

23*7.2 

2O0I.P 

lot  1.4 

1563.6 

1346.9 

1161.2 

3334.0 

ENTHALPY  (•) 

20.59 

45.23 

67.79 

66.22 

97.  U 

106.82 

123.63 

1  46.59 

151.66 

I64.C1 

172.76 

IH1.19 

.46.46 

X  BAR 

4.296 

4,199 

4.  106 

4.029 

3.996 

3.963 

3.9IH 

5.696 

3.890 

3.P69 

3.H80 

5.060 

4.234 

N 

4.296 

4.199 

4.  108 

4.C29 

3.996 

3.963 

3.918 

3.096 

3.690 

5.889 

3.668 

5.000 

4.234 

CP 

1.6449 

1.7644 

1.6038 

1.3506 

1.2023 

1.0200 

.  7037 

.527  1 

•  4679 

.  4525 

•  4505 

.4572 

1.8027 

IPPUL  OPT 

146.70 

2C2.64 

242.57 

2S8.CS 

2M.90 

299.39 

520.40 

537.70 

451.99 

363,66 

375.78 

117.46 

IPPUL  VAC 

226.97 

255.49 

282.77 

296.  19 

306.71 

32S.9* 

542. 2K 

555.  74 

366.9.4 

376.40 

504.23 

221.37 

EPSILCN 

1.C66 

1.675 

3.041 

..IIS 

S.83S 

n.*ks 

22.515 

44.291 

67.516 

174.0.>6 

346.670 

1.000 

WO. 09  C 

.COCO 

.0000 

.0000 

CCMPOSITICN  SHtfTINC  (**01/100  CP| 

•0000  .0000  .0000  .coco  .0000 

.0000 

•  0000 

•  0000 

•  OOCO 

•  cooo 

U2.00  C*H 

«ccoo 

.0000 

.0000 

.0000 

•  0000 

•  COOO 

.OCCO 

•  COCO 

•  ooco 

•  ococ 

.0000 

•  CCOO 

•oooo 

-2.9C  C«H#C 

.0003 

•  0CC1 

•  0001 

•ococ 

.0000 

•  ccoo 

•  occo 

•  COLO 

•ooco 

•  0000 

•  coco 

•  CCOO 

•  0002 

67.0C  C«H2 

.CCOO 

.0000 

•ocoo 

•  0000 

•  0000 

•  0000 

.0000 

.OOtO 

•  0000 

•  0000 

.0000 

•  OOUO 

•  OOOU 

-27.70  C»H2«0 

•  ccoo 

.0000 

•  ouoo 

.0000 

.0000 

.0000 

•  0000 

•  COCO 

.0000 

•  0000 

■  cocc 

•  OOOO 

•  oooo 

51.9R  C«HJ 

.CCOO 

•  occo 

•  0000 

.0000 

•  0000 

•  0000 

•  0000 

•ooco 

.0000 

.coco 

•  ooco 

•  OOCO 

•oooo 

-17.89  C»Hi» 

.ccoo 

.coco 

•cooo 

•  0000 

•  0000 

•cooo 

•ococ 

•coco 

•ooco 

•cocc 

•  coco 

•  ooco 

•  oooo 

-26.42  C«0 

1.3330 

1.2614 

I. 1910 

1.1250 

1.0971 

1.0662 

l•0?47 

•  V9U  1 

•  9401 

•  H9U0 

•  6127 

•  7136 

1.2879 

-94.05  C«02 

.62  29 

•  7058 

.  7762 

.8422 

.6702 

.0991 

•  9424 

.9772 

1.019? 

1.0773 

1 .  1546 

1.2537 

.6792 

199. OC  C2 

.0000 

•ccoo 

•  0000 

•  OCOO 

.0000 

.0000 

•  0000 

•  OUOO 

•  ooco 

•  OCCO 

•  OOCO 

•  cooo 

•oooo 

ll2.tC  C2«H 

.occo 

•occo 

.0000 

•  0000 

•  COOC 

•coco 

•  OCVO 

•  COCO 

.0000 

•  0000 

•  ccoo 

.0000 

•  OOOU 

54.19  C2«H2 

.ccoo 

•  0000 

.0000 

.0000 

•  0000 

•  0000 

•  0000 

•  OOCO 

.0000 

•  0000 

•  OOOO 

•  oooo 

•  OOOO 

12.50  C2*H4 

.0000 

.0000 

•  oooo 

.0000 

•  COCO 

•  0000 

•  0000 

•  OODO 

•  COCO 

•  ODOC 

•  OOCO 

•cooo 

•oooo 

189. 7C  CJ 

.ccoo 

•  ccoo 

.0000 

•  0000 

•  0000 

•  0000 

•  0000 

•coco 

•  ooco 

•  ccoo 

•  coro 

•  OOCO 

•oooo 

242.30  C4 

.0000 

.0000 

•  0000 

•  OCOO 

•  0000 

•cooo 

•  COCO 

•  COCO 

•ooco 

•ooco 

•  OOCO 

•  ooco 

•  OOOU 

52.10  H 

.  1586 

•  1269 

.0967 

•  0730 

•  0615 

•  0467 

•  0261 

.00V5 

.0022 

•  0003 

•  OOOU 

•  oooo 

•  1362 

9.33  H«0 

.2901 

•  2238 

.1612 

•  1067 

•  0654 

•  0609 

•  0242 

.OOS4 

•  0006 

.0000 

.0000 

.0000 

•  2476 

.00  H2 

.3527 

•  3313 

•  2129 

.3003 

•  2970 

•  2962 

•  3056 

•  352r1 

•  5755 

•  4542 

•  5117 

•  61C6 

•  3392 

-57. aC  H2»C 

1.342V 

1.4144 

1.4772 

1.5300 

1.5506 

1.5701 

U59ri 

1.580  9 

1.S441 

1.4867 

1.4094 

1.3103 

1 .3089 

59.56  0 

.0741 

.0499 

.0306 

•  0161 

.0109 

•  0063 

•  0014 

•  000  1 

•  uooo 

•  0000 

.0000 

•  OOUO 

•  0582 

.00  C2 

.1115 

.0851 

•  0564 

.0355 

•  0234 

.0138 

•  0030 

•  0002 

.0000 

•  OOCO 

•oooo 

.0000 

•  0950 

-266- 


I.OUO 

^.ocu 

1.CCO 

k.CCC 

b.OCO 

e.occ 

^ccc 

e.ccc 

«.c(.C 
10. ecu 
tl.OCO 
I^.CCO 
M.OCO 

1*1. ccc 

Ib.OCC 
la.CCO 
I f.CCO 

*e.ccc 
19. ccc 
;c.ccc 
?i.oco 

?7.CCC 

71«0Cv' 

7«.0CC 

?^.aco 

?e.oco 

?r,ccc 

jtt.CCC 

79.0C0 

iC.CCC 

JI.CCC 

J7.CC0 

jl.OCQ 

5*1. ccc 
f^.cce 
*6. ccc 
jr.occ 
'-.ccc 
5v.ee: 

tic.eec 

*i7.CCC 

vs.rcc 

•■..ccc 

•  S.OC>/ 

•6. ccc 
•r.ccc 

•  (■.ccc 

kV.CCO 

^C.CCC 


StSiFH 

Crf»>RNI».l  IRtf  fCV^UlA 
Lti.  K 

ICi  90.2  02 

HP-I  itH 


PC  see.  psiA 


P(./P 

i.ccs 

1,/Vii 
V.09« 
I6.C 
5VC 
55.^71 
•  i.Kt 
‘’<*.•12/ 
fS.<A7 
/6.7I(] 
»e.5'5'» 
K  l.bSM 
I  U.P/b 

1*1  l.f  1(3 

»*:!>. 5C» 

IPI.9C7 

tVb.rrv 

7*ili.6t*i 
I.  :v/ 
7rr.<!>;c 

7«k.>iC  I 

in.  .vg 

Ikit.r  f  I 

It  I .  Kx 

IkS.^XV 
X  '  t. .  i  j 
x.f  .sxr 
xx‘>,6«g 
xtx,  fn 
X'‘X<  lx  I 

sCi.mb 

b.'l.xex 
%x  }.xx  I 
S<  S.bt  I 
S>-5.C1x 
i.x..'xx 

tx').x  l« 

e*6.  n> 

If 

fxv./cr 
tfU.KZt 
Z'*  l.c%  I 
.'x.xlx 


P  I'M*  ti«p  kbit  AIPV 


iCC.CCC 
l6f.7bV 
17nxC 
!►.  '2P 
l?.*CC 
f.  JSC 
A.X6X 
^.M2 
X.‘i9l 
I.Vft. 
•.  'kf 
7.1SS 
7. hi* 

7.  nr 
7. ns 

1.V57 

i,n« 

I.S7S 
t.xl7 
t.Ml 
1.776 
I.  ixx 


t^fO  «  ACAL/IOOCA  t.P  (3C>. 


I'lhSIfv  rl  At  fi-Xh 
UH/t.*.  (KCA175<!m»  .« 

l.tX  >i.CH 

C.rC 

FHfl/Pr.  flPAAtSlCf  • 

t  STAX  •  •j«7I.X  Pt/SFl 
CP  CAI7  I  nPt  |1(IVAC  iklVAC  1  MA  I  Al 


.f7r 

.at 

.6/5 

.6XS 


lAvS. 

1U6.9 

2.5*.e .  7 

2C94,9 

195/.? 

In7  1. 1 

I /II. A 

lfcS9.S 

IS99.S 

ISXA.A 

iscl.e 

lk6X.S 

lx.n.x 
I  147, A 
I  579.1 
> 1X7. 7 
I5IF,/ 
I7xr.x 
>?/S.h 
IPSt.l 

»?5/.9 
577U.H 
>?( X./ 


I  It  1.5 
I  lxr.7 
I  li-j.P 

117*. 7 

I  1  l7.S 
I  IC  1.6 
KV  I.  I 

IC7  l!x 
iC<  7.C 
ICS5.C 
Kxx.x 
lust. 9 
ir//.- 


9»..  7 
9-X.I 
477.6 
4/1.7 
9««.  7 
9Se.7 
VS5.C 
9X7.7 
2(t5.7 


-5/. IS 
-/5.7r 
•  ns.-vl 
-47. Ax 
-  4  /  .  76 

•  It  I.  1/ 

-  ltX.9V 
-IC/.SI 
-107. /S 

•  I  II.A6 

-  I  |5.  51 

•  I  lx./l 

•  1 16. a 

-  I  I/.74 

-  I  IM. Ir 
•119. If 
•l/O.ii. 

-  I.  I. IS 

-  171.  »x 


-  I^^x.t*. 

-  176.7* 

•  1^6. /r 
-1.6.5. 

-  176.-*: 

-  I.  I. it 
-I//./7 

•  l/x.  It 

• 


-U., 


•  I  I'l./x 
- 1  *  I.:* 

•  <  5  I.  5t 

•  I  *  1.65 
-Hl./s 

•  I  57.77 

•  I  I?.*. 

•  I  *.'./•! 
• • 55. II 
-  I  55.76 
•115. •-> 
•I15./5 
-M1.7S 

•  I 5x.  I- 


120.0 
216.? 
29/. A 
7St./ 
7S9.X 
2A-*.'> 
2/1.  J 
2/>.I 
^/e.S 
21*1. S 
2PX.0 
/«t.5 
?Hr.  5 
?9t.  I 
291./ 
29*. 7 
27x.n 
27S.r 
?4».9 
?4r.'' 
77*. <* 

50C.: 

501./ 
5C7.*. 
5C«.  5 
5t<..r 
5C»  .r 
50S.  I 
5CS.  ' 
5r6.S 
5C/.I 
r/.t 


512./ 
51  5.  I 
51  !.• 

ns./ 

lU.C 
nx. « 
2x6. S 


9/.X 
54.9 
52. H 
7f./ 
?«.  I 
2X.2 
22.7 
21. A 
2.,/ 
19.- 


17. S 
17.  I 
l6.  7 
16.* 


7P 

.SP? 
I.?l( 

1. /SI 

2.  15X 
2.9  IX 

*.S?x 
X.  127 
X.  /Cx 

S. 2Xr 
6. AS', 
r.xr. 

T. i  44 
t.f(/ 
r.7-- 
I  .-SI 
X.  5Vt 
..717 

K.SII 
IS./  I  I.  Ml 
S.x  M./SI 
.S,7  l..5«.. 
U.4  I2.9(x 
U.7  i*.S9X 
U.’)  IX. 14/ 
lx. 5  U.fvs 
lx. I  ls.*f 
15.7  IS.JS7 
M.f  1t.‘.7X 
15.5  i/.-*;l 
I5.k  17.6/7 


12.7  ?'..X61 

12.6  7l.:/9 
U.X  21.67.- 
I/. 5  /?.5l7, 
I/-./  ?2.'75« 
l2.  I  75.SXV 
12. '7  2X.I7  5 
I  I. /  7X.//S 
II.-  2s.5rx 
M.  /  7S.49I 

11.6  26.SXX 
I I.S  27.195 
II. «  27.7rv 
II. X  2r.5AC 

.  2r.  7*. 
29. SS*. 


ivi 


20n.V  711, 
7  571.  I  2x''. 
766. y  7S^. 


1  VAf  tl  SIA  Lf 


7  .  I 

7‘)5,  7 
7*6.7 


5C.5 


/•S.S  k'Sx.6 


I.CCC 

7.CC; 

i.ccg 

x.ccu 

s.cco 

6.CC0 

/.ccc 

P.OCt 
9. ccc 
1C. ccc 

1 1. CCC 

12. GCg 
11. CCC 

tx.ccc 
■s.cco 
le.oco 
I/. ccc 
ip.ee: 
i9.cea 
20.OC0 

21. ee; 

22.  ccc 

21. OCC 
2X.0CU 
2S.CC0 
26. OCC 
2/. CCC 

2e.cco 

29.GCC 

5C.CCC 

n.ccc 
57. ecu 
55. etc 
16.CC0 
JS.OCO 
56.0C0 
5/.0C0 

le.cco 

59.OC0 

60.000 

61.  CCC 

62. CC0 
61.CC0 
66.0C0 
XS.OCO 
66.0CO 

xr.oco 

6P.0C0 

69.CCI; 

so.oco 

6. ICS 


•cc.rt.- 

I  7*. 


1 1  7 


/.Pie 

n.xci 

I9.7JV 
26.S/S 
5!.tf  I 
xl.xIC 

X4.X  I  7 
*. /.S«5 
7S./XC 
/l.pt/ 
P2.SX6 
9I.9C6 
le i.xt  / 
n  I.  We 
t20.VPe 
I !t .es  5 
I6C.7*S 
ISt.6t2 
100.6*0 
I/C.2C5 
I  ?9.t  n 

I9C.239 
2CI.XC5 
7  12.  /70 
226.  I/S 
2*S. /X9 
26/.X2I 
2SV.  IPS 
2/  I.C2  I 
2/2.916 
796. esi 
!C6.e2C 
SIP. PC/ 
l.'C.eC2 
562, 790 

!56./// 
576. 76  I 
S7B.6PL 
540. svg 
6C2.6tS 
616. 1C2 

626. lei 
65/. 661 
6S0. 766 
666.  140 
6/7. 712 
641.166 
SCS.C6S 
SIO.DPA 
20.616 


5/ . 57* 
22.5A« 
IS. I9t 
I  1.7r9 
P./CS 
I.2XS 
e.'l/  I 
S.n2 

X,S68 
x.lbl 
*.*5x 
*.27ix 
?.9S/ 
2.59r 
?.*"C 
2.291 
2.15? 
1,192 
l.x/0 
1.761 
1.66/ 
I.S/7 
l.xVu 
i.«ir 
l.55r 
1.271 
1.215 
l.tS7 
1.IC7 
I.C6C 
1.017 
.77P 
.9X  I 
.91/ 
.67S 
.666 
.PIP 
.797 
.76P 
.76S 
.726 
.706 
.6HS 
.666 
.666 
.626 
.61  I 
,S96 
.S/P 
16.696 


24XX./ 
/Ptf.A 
2/C7.A 
26  5x,t 

2575.5 
7S«  1.2 
7x  7s. : 
7X58. A 
2596.2 
2561.7 
21/4.5 
224/./ 
22/;. I 
22x1.2 

22M.9 
2I4X.C 
21/1.5 
2169. P 

2129.5 
2IC9.7 
?C9t.l 
2C/J.2 
POSA.O 

7014. 5 
2t25./ 
2ttP.S 
Wvl.A 
19/9.7 
1966.; 
I9S2.P 
14X0. I 
192/.“ 
l4l‘i,H 
19C6.5 
IPVS.O 
1 6P2. I 
IP7I.6 
1Ptl.5 
IPSI.5 
lbXl.6 
IPi?.? 
tP2i.e 
IM16.0 
IPCS.S 
t  796.9 

i/tp.r 

I /PC./ 
1/72.9 
5/6S.5 
2699.1 


fMrxiPir 
>  7CAL/  IC:tP 
.1  -27.49 

,C  -It.xt 
•76.62 
-P7.«2 
-46. XC 
• 1C2,66 

-  It  /.S7 

-  I  I I.Sr 


•  1 1 r.er 
• I7C.X5 

•  122.61 

♦l<6.7* 

•  t<6.S9 
- l2H,2e 

-  I29."x 
-HI. 27 

-  I  52,61 

-  I  55. AS 

-  5  5S.CI 

•  I  56.  1 1 
'  I  S/.  IX 

-  H«.  n 

-  »  59.01 
-159.71 

-141, *•! 
-1x7. 7v 

-  165.01 
-165, /I 
-166.5/ 
-US. 01 

-  US.62 
-U6.22 

-  146,79 
-U/.56 

-  147. H/ 

-  IX». 5P 

•  UH.Ap 

-  169.  56 

-  164.45 
• ISt.?C 

-  ISC, 72 
-ISMS 
-ISI.S6 
-ISI.9/ 
•IS2.  se 
-IS2./6 
-ISJ.II 
-IS5.6/ 
-IS5.I55 

-V7.  16 


S«|f  t iKx 
t  StAB  •  ' 
P  CAV/  I  CPI 
P  l-IC 

.“6S 

.AC5  1)7. S 
.S56  217.2 

.5S/  26  1.9 

.2IS  7S6.A 
.ICC  26/. 2 
.CC«  2/S. I 
.92/  2dl.6 

*662  2"6*S 

.HOP  29C.9 
,/6C  29X./ 

24r.v) 
501.0 
5C5./ 

107 . 1 
50e.5 
5IC.  5 
«i?.2 
515.9 

515.5 
517. *; 
IIP. 6 

119.7 
521.0 

522.2 
52  5.5 
576, X 
17S,X 

526.5 

527.5 
52P,2 
524.') 
*24. A 
55C.6 

551.5 

552.1 
552. M 
555.x 
51X.  I 
55X,7 

555.5 

555.7 
5  5*.S 
517.0 
55/. S 

5511. 1 
59P.6 
599.  I 
99V. s 
960.0 
96C.S 
7SK.I 


•  6P/ 
.660 
.61/ 

•  6IH 
.600 
.S6S 
.S/I 
.SS9 
.S64 
.S19 
.S5I 

•  S26 
.SIM 
.S12 
.SO/ 
.SOI 
.699 
.69$ 
,69? 
.6tf9 
.666 
.6.96 
.662 
.6MC 
.6/6 
.6/6 
,6/S 

•  6/5 
.6/2 
.t/l 
«xfO 
.669 

•  666 
.6of 
,666 
.66$ 
.666 
.666 
.665 
.202 


105.9 
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60.6 

*6.6 

15.9 
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26.9 
26.2 

25.6 
2>.  I 

26.6 
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/U2.7  H/SK 
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7P 

.S9> 
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2SI.9 
265./ 
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2'j7.6  76X,S 

7/9,2  7X2.7 

2-9.2  745.5 
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Itl.C  5C7.I 
l7k./  811.7 

5J/./  51S.X 
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1  ut  Cl  S/A  CF  >At 


5IS.9 

516.  / 

517.  5 

n/.N 


1.212 

1.5/1 

I.X21 

I  .  X  56 


2SI5.I  26A.9  210.3 


1 52 .  '7 
S5X.X 
5  1S.V 
5  5  7.2 
5  5n  •  S 

514.5 
IXC./ 
161. P 
56?./ 

1x1.7 
16X.S 
16S.X 
166.7 
566.  1 

167.6 
168.1 
164.0 
564.7; 

550.7 
sso.  - 
5SI  .X 
ISM 

152.6 

152.4 

551. 6 

555.4 
5S6.  5 
1S6.A 

155.2 
5$S.6 
1S6.0 

156.6 
1S6.P 
IS/. 2 
IS/.S 
IS/. 9 

246.2 


I.  IP! 
I.X/7 
I.S/0 
I  .657 
l.6/*> 
I./09 
I./16 
l./Sr 
I./// 
1.795 
l.>Or 
l.r?l 
I,*  57 
1.-65 
l.rS? 
I  .-6  I 
l."69 
I.-/6 
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1.696 
1.90? 
l.'/OF 
1.912 
1.91/ 
1.92? 
I.*26 
1.95: 
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1.9  IP 
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I  .9XS 
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l./S? 
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I.VN/ 
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t 

s 

■  I 


MESSUKC  MOFtLi  0*T* 

SYSTEF  LICUtD  BIPROFELLANT  FC  300.  FSI* 


COMPONENT 

TREf  fWMLA 

OfMStfY 

HEAT  FOAH 

NT. 

OEG  K 

CH/CC 

IKCAL/FORM.WT. 

1 

LOX 

90.2  62 

1«14 

TS, 

RP-l 

29fl  C«HU9S3 

o*so 

-A.92 

zs 

EULK  CENSITV  •  1.031  CN/CC 

FIXTURE  RATIO  •  3.000  LB  OXIDIZER  /  LB  OF  FUEL 


PRESSURE  PROFILE  DATA 
CFAMSER  ERTROPY  26«..«a  EU/100CN$ 

CHAFBER  THROAT 


FROZEN  EXPANSION 


PAESSUREt 

PSIA 

300.0 

128.7 

82.66 

22.06 

U.TO 

9.2AA 

3.87  3 

1.623 

.680 

.288 

.119 

.080 

167.2 

«... 

TEMPI  OEG 

K 

3S11.4 

300B.7 

2871.2 

2140.3 

1888.8 

1864.8 

1318.1 

1049.6 

910.6 

7A8.1 

609.7 

3166.1 

ENTHALPY  1 

1-1 

19.34 

A2.T2 

62.81 

79.39 

00*40 

93.76 

108.91 

116.18 

12A.T2 

131.88 

137.73 

1A2.8A 

38.82 

CP 

.AA3S 

.A8A3 

.AABl 

.A3a2 

•  4032 

.A269 

.AlAl 

.3997 

.38A6 

.3690 

.38A8 

.3607 

.6887 

IMPUl  OPT 

1A1.B8 

143.22 

22B.08 

241.00 

28A.OO 

27A.03 

289.83 

302. A2 

312.80 

320.88 

327.06 

117.71 

IMPLL  VAC 

217.22 

2A0.S1 

262.21 

27C.99 

280.00 

29A.38 

308.49 

318. 3A 

322.88 

328.87 

333.67 

213.29 

EPSILON 

1.0A9 

1.871 

2.706 

3.SA2 

A. 921 

9.198 

17.A26 

33.283 

63.606 

121.883 

231.839 

1.000 

-  . 

SHtPTlNG  EXPANSION 

PRESSURE! 

PSIA 

300.0 

128.7 

92.66 

22.06 

1A.70 

4.2AA 

3.873 

1.623 

.680 

.288 

.119 

.080 

173.1 

TEMPf  OEG 

K 

3S1I.N 

3272.A 

3089.6 

2B67.3 

2783.2 

2690.7 

282A.6 

2361.9 

2189.8 

1983.3 

17A6.2 

1818.9 

3387.1 

enthalpy  I 

l-l 

19.89 

A3. 34 

69. OB 

BA. 43 

43. 6A 

103.16 

119.93 

138.36 

1A4.81 

162.37 

173.78 

183.78 

3A.87 

X  OAR 

A. 110 

A. Oil 

3.919 

3.03A 

3.797 

3.786 

3.688 

3.622 

3.873 

3.8A8 

3.836 

3.838 

A.0A7 

•*  ' 

N 

A. 110 

A. Oil 

3.919 

3.83A 

3.797 

3.786 

3.688 

3.622 

3.873 

3.8A8 

3.836 

3.838 

A.0A7 

CP 

1.9993 

2.0186 

1.9911 

1.9180 

1.8637 

1.78A1 

1.8762 

1.2728 

.8827 

.8899 

.6833 

.6313 

2.0162 

SHPUL  OPT 

1A3.8B 

19B.93 

238. A2 

283.80 

269.62 

298.AA 

317. 3A 

336.19 

382. A3 

366.28 

377.90 

118.26 

IMPU  VAC 

222.76 

291. OA 

27B.2B 

289.79 

302.02 

322.66 

3A0.68 

386.31 

369.68 

380.83 

390.19 

217.17 

EPSILON 

1.066 

1.6B1 

3.064 

A. 160 

8. 986 

11.938 

2A.398 

80.262 

102.830 

207. A67 

617.268 

1.000 

COFPOSITION  SHIFTING  INOL/lOO  CM) 


170.89 

c 

.ooco 

•  0000 

•  OCOO 

.0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

162.00 

C»H 

.0000 

•  0000 

•  OCOO 

.0000 

•  0000 

•  0000 

•  0000 

•  0000 

•oooo 

.0000 

.0000 

.0000 

.0000 

-2.90 

C*H>C 

.0002 

•  0001 

•  OCOO 

.0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

.0000 

.0000 

.0000 

.0001 

67.00 

C«H2 

.0000 

•  0000 

•OCOO 

.0000 

.0000 

•  0000 

•  0000 

•  0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

-27.70 

C6H2*0 

.0000 

•  0000 

•  OCOO 

.0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

31.96 

C»M3 

.0000 

•  0000 

•  OCOO 

.0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

-17.89 

C*H6 

.0000 

•  0000 

•  OCOO 

.0000 

•0000 

•  0000 

•  0000 

•  0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

-26.62 

C*0 

1.0716 

•  0090 

•  9C69 

.8260 

•  7099 

.7430 

•6697 

.9993 

•  9376 

.8006 

.6780 

.6626 

1.0202 

-96.08 

.71B7 

•  7004 

•  0019 

.9666 

1.0026 

1.0494 

1.1220 

1.1932 

1.2909 

1.2878 

1.3136 

1.3689 

.7681 

199.00 

C2 

.0000 

•  0000 

•  OCOO 

.0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

112.10 

C2tH 

.0000 

•  0000 

•  OCOO 

.0000 

•0000 

•  0000 

•  0000 

•  0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

86.19 

C2*H3 

.0000 

•  0000 

•  OCOO 

.0000 

•OOCO 

•  0000 

•  0000 

•  0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

12.80 

C2«H6 

.0000 

•  0000 

•  OCOO 

.0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

189.70 

C3 

.0000 

•  0000 

•  OCOO 

.0000 

•  0000 

•  0000 

•  0000 

•  0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

262.30 

C6 

.0000 

•  0000 

•  OCOO 

.0000 

•0000 

•  0000 

•  0000 

•  0000 

•  0000 

.0000 

.0000 

.0000 

.0000 

82.10 

H 

.1314 

•  1070 

•  0071 

.0692 

•0617 

•0937 

•  0401 

•  0279 

•0169 

.0073 

.0019 

.0003 

.1163 

4.33 

H«0 

.3631 

•  2007 

•  2246 

.1767 

.1939 

•  1306 

•  0919 

•  0900 

•  0209 

.0086 

.0011 

.0001 

.3030 

.00 

fc.2 

.2378 

•  2150 

•  1059 

.1779 

•  1700 

•  1617 

•  1470 

•  1372 

•  1323 

.1392 

.1608 

.1931 

.2236 

-87.80 

H2tO 

1.2716 

U3343 

U9047 

1.6666 

U46O0 

l^4926 

1.9326 

U9663 

1.9912 

1.8996 

1.8866 

1.8831 

1.3131 

89.86 

0 

.1086 

•  0013 

•  0991 

.0612 

•0941 

•0269 

•0190 

•  0077 

•  0029 

.0003 

.0000 

.0000 

.0907 

.00 

02 

.2298 

•  2011 

•  U95 

.1361 

•  1201 

•  1010 

•  0600 

•  0369 

•0120 

.0016 

.0000 

.0000 

.2121 

-2T0- 


I 


SVSTfV  tlCUlO  ■IMSPIlUNT 
CSMSHfUr  tliP  »««IIUA 

016  K 

les  10.2  02 

RO»l  111  CVMUIII 


K  100.  OSI« 

oitttiiv  Nior  looi* 

6M/CC  (RCAk/OORN.Mf. 

1.14  'l.OO 

0.00  -*.02 

lOOIOto  IIOMSIOH 

c  iTAO  •  1IU.4  nntc 


f^SUON 

2C/2 

P  *916 

1IM 

Cl*  C4L 

1  oot 

OlLVAC 

etkvAC 

1  914 

1  47 

1  47 

t  «AC 

CP  It* 

CP  VAC 

CC6  1  iClLJlOOCi' 

6H  D(C 

If 

LVL 

looee 

leooo 

kVk 

l.OCO 

300. COO 

1111.4 

-11,11 

.464 

1.000 
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211.0 

>1.4 

1.147 
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241.1 

211.2 
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11.1C1 

14.114 

2124.0 

—  44.17 
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21I.2 

12.4 

1.711 
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24.191 

12,400 

11*6.1 
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20.4 

2.210 

210.1 
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1.400 

9.000 

>1.210 

1.01 

1010.1 

—  14*  10 

•  *27 

214.6 

29.0 

2.411 

279.1 

240.4 

1.411 
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41.211 

4.934 
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“17.14 

.421 
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1.417 
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241.0 

1.642 
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1.000 
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11.000 
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21.000 
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24.000 
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JO. 000 
11.000 
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240.411 
214.114 
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241.212 
)C1.4II 
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110.711 
131.244 
171.744 
144,214 
4C444C1 
420,124 


1.171 
4.442 

1.140  1171.7 
1.412  1014.2 

2.111  1414.1 
2.449  1411.4 

2.171  1424.4 

2.141  1111.7 

1.111  1371.1 
1.404  1141.4 
1.471  1127.1 
1.110  110*. 1 
1.414  1244.1 
1.1)4  1244.7 
1.244  1211.1 

1.141  1211.4 
1.100  1220.2 
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.771 
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1144.4 

1114.1 
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-112.47 
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•114.10 
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-120.01 
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-121.04 

-121.44 
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•124.24 


.420 

.417 
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.404 
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.147 
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.141 
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.144 
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271. 4 
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.464 
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•129.67 
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>7.000 

112.421 
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.142 
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.141 
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.944 
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.141 

101.1 
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.921 
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•126.61 

.140 
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.907 
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-121.17 

.140 
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.411 
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.471 
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-127.71 
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.174 
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•  m 

101.0 

1.1*2 
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4.014 
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11.0 
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10.0 
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14.1  11.010 

11.1  11.000 
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11.1  24.114 
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211.1 
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100.9 
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111.9 

112.0 
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114.0 
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116.0 
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)14.7 
117.0 

117.1 
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271.0 
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MXTLME  RATIO  •  i.RliA  Lb  OXIDIZER  /  LB  CF  FUEL 
PRESSURE  PROFILE  CAIA 
CHAMBER  ENTROPY  26I.A2  EU/IOCCMS 


CHAMBER 

THROAT 

FROZEN 

EXPANSION 

PRESSLKE* 
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jCO.C 

<25.7 

52.66 

22.06 

14.70 

9.244 

3.673 

1.623 

•  680 

.285 

.119 

.050 

167. 6 

TEMPt  OEG 

K 

3ii9ii.2 

2996. 8 
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2190.6 

2031.3 

1861.9 

1575.5 

1526.  1 

1 109. C 

921.0 

/59.0 

620.5 

3155.3 

ENTHALPY  i 

l->) 

16.60 

40.66 

59.56 

74.72 

82.43 

89.49 

101.16 

111.02 

119.29 

126.  18 

131.68 

136.56 

33.  73 

CP 

•  4866 

•  4415 

.4336 

.<•262 

.4195 

.4136 

.4015 

.5680 

.373/ 

.35^9 

•  3449 

.3313 

.4439 

IMPUL  OPT 

138.54 

188.78 

222.92 

235.65 

248.34 

266.01 

263.55 

295.96 

305.93 

313.93 

320.35 

1  14.73 

IMPUL  VAC 

212.21 

235.06 

246. i6 

264.99 

2/3.85 

268.01 

299.47 

308. 12 

316.17 

322.  16 

326.95 

2C6.3.3 

EPSILON 

1.050 

1.574 

2.716 

3.575 

4.943 

9.251 

17.565 

33.593 

64.418 

123.475 
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1.000 

SHiFTINb  EXPANS 

ilON 

PRESSLREf 

PSIA 

KG.O 

125.7 

52.66 

22.06 
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9.266 
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1.623 
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.285 

.119 

•  050 

174.4 

TEMPf  OEG 

K 
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2786.2 
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1859.) 
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tll.OO 
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156.06 
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1/8.81 
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3.634 

a.  596 

3.S2i 
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3.398 

3.344 
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3.25/ 

3.877 

N 

3.937 

3.842 

3.754 

a. 671 

3*634 

a.496 

3.523 

3.457 

3.598 

3.544 

3.297 

3.257 
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CP 

1.979S 

2.0161 

2.0236 

1.9996 

1.9756 

1.9596 

1.8462 
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IMPUL  OPT 
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194.34 
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IMPUL  VAC 
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5/6.  16 

387.35 
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4.990 
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24.755 
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COMPOSITION  SHIFIING  IMCL/IOO  UM I 
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